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SUMMARY 
For the purpose of NMR studies, isotopic substitution 
in heterocycles is classified into two types . The first, 
replacement of a magnetic nucleus by a non-magnetic or 
effectively non-magnetic nucleus, causes the removal of 
signals in the NMR spectra of the molecule. The reverse 
process, the insertion of a magnetic nucleus in place of 
a non-magnetic nucleus, causes extra signals to be 
observed in the NMR spectra of the isotopically labelled 
heterocycle . 
In this work both types of isotopic substitution were 
carried out with a number of heterocycles. The specific 
deuteration of 1-methylpyrazole enabled the unambiguous 
assignment of the 1H-NMR spectrum of this molecule to 
be made . 
15 N, the heavy, stable isotope of nitrogen-14, was 
the isotope used for the second type of substitution 
because this nucleus has a spin of one half, and behaves 
in many NMR respects like another proton . Substitution 
by this atom of the normal 14 N nuclei of a number of 
pyrimidines and pyridines provided 15 N spectral data 
which could be related to structural features in these 
molecules . 
In the pyrimidines which were investigated, th e site 
of protonation, the predominant tautomeric form in 
potentially tautomeric molecules, the contribution of 
zwitterionic structures to some molecules and the overall 
stru ct ur e of th e pyrimi din e ring were determined from the 
lSN chemical shifts and coupling constants. Some 13 c 
spectra, determination of the signs of the lSN- 1H coupling 
constants and the synthesis of these compounds are described . 
The !SN-labelled pyridines which were studied also gave 
spectral parameters which were particularly indicative of 
the bond structure within each molecule. 2-(1H)-Pyridone-
lS N1 was found to exist predominantly in the lactam form 
with a high percentage of zwitterionic character . 13 c- 1SN 
Coupling constants of these compounds were found to be 
characteristic of the arrangement of bonds within the 
molecules. 
Current theories for the calculation of spin-spin 
coupling and chemical shift were used to predict the 
spectral parameters of these compounds and in most cases 
a reasonable correlation was found. The Fermi contact 
term was the dominant contributor to both lSN- 1H 
coupling constants and 13 c- 1SN coupling constants although 
the im portance of TT contributions to the coupling 
mechanism was apparent . Chemical shifts were found to 
depend heavily on the paramagnetic contribution to the 
shielding of nitrogen. This term was determined 
primarily by the average excitation energy of each molecule . 
Synthetic approaches to other !SN-labelled 
heterocycles and their precursors are briefly discussed . 
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PART ONE 
GENERAL INTRODUCTION 
Isotopic labelling is used for a variety of purposes 
in organic chemistry. In most experiments the electronic 
structure of the whole molecule is assumed to be not 
significantly altered by isotopic substitution and the mass 
of the isotope is made use of in a number of detection 
techniques. For a given element it is the number of neutrons 
in the nucleus that determines an isotope's mass and this 
number also determines the spin of the isotope. The concept 
of nuclear spin is not a recent one. Not long after the 
confirmation of the nuclear atom in 1911 and a year before 
Goudsmit and Uhlenbeck 1 s proposal of electron spin (1925), 
Pauli (1924) introduced the concept of nuclear spin to 
explain hyperfine structure in the atomic spectra of some 
atoms. A similar argument was employed to justify the 
postulate of electron spin . While other spectroscopic 
techniques flourished after this time there was a lag of 
some twenty years, mainly due to instrumental difficulties, 
before the first nuclear magnetic resonance (NMR) exper-
iments were performed by Purcell (Purcell, Torrey and 
Pound, 1946) and Bloch (Bloch, Hansen and Packard, 1946). 
Organic chemists nowadays take full advantage of the 
different values of spin ~uantum number of isotopes that 
are of interest in organic chemistry, though it is not often 
appreciated why a change of atomic mass can cause a dramatic 
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Fig. 1.1. Charge density in the proton and neutron. 
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change of nuclear spin with an associated change of magnetic 
moment of a nucleus . Rotation of the charge of a nucleus 
gives rise to a magnetic moment but both the neutron, which 
has no charge, and the positively charged proton possess 
magnetic moments . Indeed, the theoretical quantity, the 
nuclear magneton (µN) is that magnetic mom ent calculated for 
a proton which has an even distribution of charge and mass 
over its surface, and has the value given by, 
( 1 ) 
where e is the electronic charge, h is Planck 1 s constant, 
M is the mass of the proton and a is the velocity oflight. p 
The value obtained for µN , by substitution of the values 
of each constant in Eqn. (1) , does not agree with the 
e xperimentally observed moment of the proton. This anom-
alous result and the magnetic moment of the neutron can be 
e xplained in terms of an uneven charge distribution within 
each nucleon. In Fig . 1 . 1 the charge distribution obtained 
from nuclear scattering experiments is depicted . The 
magnetic moment of the proton is µN from the unit charge 
plus 1.79µN from a meson cloud; for the neutron the moment 
is -1 . 91 µN from the meson cloud only (Olson , et al., 1961). 
The negative contribution of the neutron 1 s meson cloud is 
approximately equal and opposite to the anomalous part of 
the proton moment. 
It is therefore reasonable that isotopes, differing 
only in the number of neutrons, will possess different 
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Fig. 1. 2. The six lowest atomic energy levels . 
magnetic moments and, because each nucleon has a spin of 
½h /2 TT , will possess different resultant spins. The small 
integral and half-integral values observed for the nuclear 
spin quantum numbers of different isotopes suggest some 
spin pairing of nucleons and in theory like electrons, 
nucleons may be arranged in the nucleus in energy levels 
i n such a way that they obey the exclusion principle. 
Nuclear energy levels are classified by three quantum 
numbers: n (radial), i (orbital angular momentum) and 
j (total orbital angular momentum, because spin-orbit 
coupling i s a postulate of this model) and a schematic 
representation of the six lowest atomic energy levels is 
3 
given in Fig . 1 . 2 . Each state of a given j may accommodate 
2j +l neutrons or protons (each type of nucleon occupies 
each level independently of the other, see Fig.1.3). This 
theory, which predicts nuclear properties well for light 
nuclei is termed the single particle shell model 
( Blin-Stoyle, 1957) . 
The rules for predicting nuclear spin (Bovey, 1969) 
quoted in NMR textbooks can be seen to arise from consider-
ation of this model . In Fig.1 . 3 the nucleonic structures 
of the isotopes of interest in organic chemistry are 
depicted , The prediction of nuclear spin using this 
model is simplified by the strong tendency of protons to 
spin couple antiparallel with protons and neutrons anti-
parallel with neutrons. An unpaired proton and an 
unpaired neutron tend to couple parallel . For odd mass 
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nuclei, the spin is given by the j value of the unpaired 
nucleon but in the case of two unpaired nucleons the 
prediction is not straightforward. A proton in the ls 1 
"2 
shell gives rise to a spin t of ½, which is the experiment-
ally determined spin of the hydrogen atom. Addition of a 
neutron allows the two nucleons to spin couple in a 
parallel fashion to give a spin of 1 for deuterium . 
Addition of another neutron causes the two neutrons to 
spin pair leaving an unpaired proton in the lsk shell for 
2 
tritium . The non-magnetic nature of the 16 0 and 12 c 
nuclei can be explained in terms of complete spin pairing 
of the even numbers of protons and neutrons found in each 
nucleus . The nucleus, 15 N, takes the spin ½ of the 
unpaired proton in the l p~ shell because, compared with 
14 N, the extra neutron of 15 N spin pairs with the odd 
neutron of 14 N leaving an unpaired proton in the l pk 
2 
shell . The ground state of 19 F is not clear. The overall 
spin½ of the nucleus appears to be due to an unpaired 
proton i n the 2sk shell, a situation which can only occur 
2 
if filling of the d5/2 she 11 has halted . However a 
configuration of (ld5/2) 2 for neutrons and (ld5/2) 1 for 
protons can also have a j value of ½. It seems mor e 
likely that the ground state is a superposition of two 
states, because the 2s½ and l d512 are very close in energy 
t For the sake of simplicity, the word 1 spin 1 will 
imply 1 spin in multiples of h/2rr 1 • 
4 
and a mixed configu r ation probably results (Nemirovsky, 
1963) , 
Al though the pr ediction of nuclear spin for odd mass 
nuclei is straightfor~ard, the prediction of magnetic 
moments is not as simple . Expressions can be derived for 
the magnetic moments of a single proton or neutron using 
t he known g-factors for each nucleon and two cases may be 
distinguished, corresponding to the possible orientations 
of the orbital vector with respect to the nuclear spin, 
j=Z±½. It is interesting to note that the only odd 
proton state which has a negative magnetic moment is the 
l p 1 state, which is the predicted state for 
15 N. The 
'2 
expression for this ( Z- ½), odd proton magnetic moment is, 
µ = - j{ ( j +3/2)- µ }/( j +l) p ( 2 ) 
which when evaluated is -0 . 264µ N compared with the exper-
imental moment for 15 N of -0.283 µN . Generally it is only 
odd neutron ( Z+½) states that have a negative moment, the 
magnetic moment of the proton being positive and that of 
the neutron negative (Blin-Stoyle, 1957). 
Both the spin and magnetic moment of an isotope are 
important considerations when planning an NMR experiment 
involving that isotope . Spin ½ nuclei have no associated 
quadrupole moment (Ramsey, 1953) and hence on the NMR 
time scale have long relaxation times. For such nuclei 
sharp signals are observed in the NMR spectrum. The 
r elative sensitivity of the nucleus at constant field is 
5 
proportional t o the magnetic moment cubed and the ratio 
(2nµ/Ih)t i s a multiplicative factor in the three part 
theoretica l e xpression for spin-spin coupling (Pople, 
Schneide r and Bernstein, 1959) . Furthermore, different 
isotopes of the same element at constant field resonate 
at different frequencies and use can be ma de of this fact 
to classify i sotopic substitution e xperiments in NMR into 
two broad types: 
(a) Signal Removal . A signal or group of signals in 
the NMR spectrum of a compound may be removed by 
replacement of the resonating nucleus by a non-
magnetic isotope or by a magnetic isotope whose 
spin-spin interactions can be removed by hetero-
nuclear double irradiation . Deuterium labelling 
falls into this category. 
(b) Signal Addition. A signal or group of signals in 
the NMR spectrum of a compound may be made more 
complex by spin-sp in coupling to a magnetic 
isotope that has repla ced a non-magnetic or 
effecti vely non-magnetic isotope in the compound . 
The isotopes 13 c and 15 N are nuclei which have 
been employed in this manner . 
The pr esent work was undertaken to investigate the 
applicability of these types of isotopic substitution in 
t I is the spin quantum number of the nucleus, 
Ih/ 2n is its spin . 
6 
heterocycles . The first class of substitution is problem 
oriented and can greatly facilitate the assignment of 
7 
peaks in the 1H-NMR spectrum of a heterocycle to particular 
protons and in some cases gives an absolute answer 
unobtainable by other methods . Type (b) isotopic substit-
ution provides more fundamental information about a ring 
system . The coupling constants and chemical shifts of 
the isotope are intrinsically related to the electronic 
wave function, energies, charge distributions and bond 
orders of the ring Moreover from an empirical viewpoint 
13 c and 15 N chemical shifts and coupling constants have 
proven to be particularly sensitive to their molecular 
environment . Thus the type of atoms bonded to the 
isotope, the type of bonding to these atoms (hybridiz-
ation), protonation, and the overall electronic nature 
of the compound can all influence the size of the 13 c 
and 15 N shifts and spin-spin interactions, so much so 
that these parameters can be quite diagnostic of a 
particular class of compound . The 13 c chemical shifts 
of the major nitrogen heterocyclic ring systems have 
been reported and some correlation was found between the 
shifts and calculated electron density at each carbon 
(Pugmire, Robins, Grant and Robins, 1971). A mor e sensit-
ive magnetic probe ought to be the spin ½ isotope of 
nitrogen, 15 N, because it is this nitrogen atom which is 
the centre of most reactions and associations in the 
molecule and which causes the difference between a 
5 4 
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N-heterocycle and its carbocyclic analogue. So the work 
described in this thesis, under type (b) isotopic 
substitution, will be concerned with 15 N-labelled 
heterocyclic ring systems and their NMR spectra. 
8 
Deuteration has been used previously in heterocyclic 
systems to obtain an unambiguous assignment of ring protons 
to peaks in the 1H-NMR spectrum . For example, an assign-
ment of the four ring protons of pteridine (1) to signals 
in its NMR spectrum was made by comparison of the spectrum 
of the parent compound with those of its C-methyl derivat-
ives (Matsuura and Goto, 1963) . The results contradicted 
an assignment based on electron density calculations 
(Veillard, 1962) . Matsuura and Goto (1965) synthesized 
the 2-deutero, 2-deutero-7-methyl and the 4-deutero-
7-methylpteridines and assigned signals to · protons in the 
order H-6 > H-7 > H-2 > H-4 in deuterochloroform, (H-6 at 
highest field) . They also used partial deuteration of 
purine (2) at C-6 and C-2 to show that in acidic, basic 
or neutral media, protons absorbed in the order H-8 > H-2 
> H-6, (H-8 at highest field). In 1966, Armarego and 
Batterham resolved a similar controversy concerning the 
1H-NMR spectrum of quinazoline (3) and found that H-4 
absorbs at lower field than H-2 in a variety of solvents . 
This was also the case for 1,3,5-triazanaphthalene (4). 
The assignment of the three protons of thiazolo[5,4-d] 
pyrimidine (5) to the three singlets in its NMR spectrum 
was elegantly made by Benedek-Vamos and Promel (1966) 
(7) 
N 
H 
(9) 
I\ O-N 
(11) 
4 
N 
~ 3 
~ 2 
N 
(6) 
N 
o ~o ~ II II HO-f-0 -r-o CH2 0 < N OH OH 2 
OH OH 
(8) 
N 
H 
(10) 
\ 
NH 
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NH 2 
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after publication of an incorrect assignment based on line 
width differences and substituent effects (Suzuki, et al., 
1968) . Instead of the first reported order of H-7 >H-5 >H-2 
deuteration of C-2 and deuteration of C-7 established the 
or der H - 2 > H - 5 > H - 7 . Recent 1 y ( Br a mw e 11 , et a 1 . , 19 71 ) , by 
specific deuteratio n of 2,3- and 2,5-disubstituted pyrazines 
(6) revealed that the two ring protons absorb in the 
opposite sense to that previously reported (Cox and 
Bothner-By, 1968) . Although deuteration has been used for 
spectral simplification, because of the small numbers of 
protons found in most heterocyclic ring systems, the main 
application to heterocycles is ,n spectral assignment as 
these examples have shown . Furthermore, because of the 
similarity between internal chemical shifts of deuterium 
and hydrogen (in p . p . m. ) and the direct proportion that 
exists between their spin-spin couplings there has been 
little incentive to use deuterium as a class (b) isotope. 
Undoubtedly there will be other heterocyclic systems that 
are now incorrect ly assigned where the situation could be 
resolved by deuteration experiments . 
Turning to type (b) isotopic substitution, there has 
been much NMR work done on 15 N-enriched compounds, but 
only a few heterocycles labelled with 15 N have been 
investigated. NMR studies of these systems suffer greatly 
from incompleteness and, in most cases, only coupling 
constants or chemical shifts have been reported . Of the 
15 N-H coupling constants studied, most interest has been 
shown in directly bonded couplings . Most long range 
couplings reported are first order and there appears to 
be a lack of interest in analysis of complex spin systems 
10 
t . . lSN t con a1n1ng an a om . The chemical shift data are often 
quoted relative to an external standard and too few sets 
of comparative data (i . e . - values (Paolillo and Becker, 
1970)) are available . 
The variety of systems that can be studied depends on 
the accessibility of labelled compounds and most syntheses 
are restricted by the lack of such simple nitrogen 
cont aining starting materials . Suitable commercially 
available !SN-labelled precursors are ammonia, urea, 
and thiocyanate, and the more expensive hydroxylamine, 
aniline and hydrazine. Nevertheless, some interesting 
ring systems have been investigated. Tori 1 s group in 
k d h f . l . f . l. lSN (7) Osa a reporte t e 1rst ana ys1s o qu,no 1ne-
and its ethiodide and N-oxide (Tori, et al . , 1967). 
The signs of the couplings were determined by spin 
tickling and since that time a number of workers have 
investigated the ring further . Recently the same group 
reported lSN- 1H couplings for 2-(a-naphthyl}aziridin e- 1SN 
(8)(0htsuru and Tori, 1970) . Other ring systems where 
!SN-labelling has been used are:pyrroles (9)(Rahkama a, 
1969), (Gagnaire,et al . , 1970); indoles (lO)(Axenr od, 
et al . , 1970); oxaziridines (ll)(Jerina , et al., 1970}; 
tetrahydro-1,3-oxazines (12)(Riddell and Lehn, 1968); 
ATP, fully labelled (13)(Happe and Morales, 19 66}; 
~N 
I) 
N 
( 14) 
(17) 
~ 
N 
(18) 
(15) 
R= 
# 
N 
(19) 
(16) 
N 
I 
Me 
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substituted pyrimidines (14)(Becker, et al., 1965), 
(Roberts, et al . , 1965); isoxazole (15) and isothiazole 
(16)(Kintzinger and Lehn, 1968); and some picolylketones 
(17)(Klose and Uhlemann, 1966). Very recently Lichter and 
Roberts (1971) published the first analysis of the NMR 
spectrum of pyridine- 15 N (18) . Two reports of 15 N 
chemical shifts, obtained from unenriched samples were 
published in 1971 . Roberts' group, using a continuous 
wave technique with noise decoupling, found a variety of 
nuclear Overhauser effects (NOE) for different types of 
nitrogen containing compounds including pyridine and 
nicotine (19)(Lichter and Roberts, 1971a). Randall, 
using a pulsed Fourier method with noise decoupling, 
observed Overhauser enhancement of 15 N signals from a 
variety of unenriched samples (Briggs, Farnell and 
Randa ll, 1971) . 
From this brief review of NMR investigations of 
15 N-labelled heterocycles it is apparent that there is 
considerable interest in this field. However it needs 
to be restated that there is a lack of comprehensive 
studies on all but a few heterocycles . Furthermore the 
advert of commercially available spectrometers capable 
of measuring 15 N in natural abundance increases the need 
for systematic and thorough investigations of enriched 
heterocyclic systems. It was the aim of the work 
described in this thesis, under type (b) isotopic 
substitution, to provide such a study and the measurement 
12 
of 15 N chemical shifts and coupling constants for a series 
of pyridines and pyrimidines is reported . These data, 
obtained from measurements at different pH values and 
with different solvents, tested well the sensitivity of 
the 15 N nucleus to its intermolecular and intr amolecular 
environment They also p ovide a firmer base on which 
to formulate empirical rules and to observe trends in 
coupling constants and chemical shifts than the disjointed 
and meagre data which have been reported so far. The 
utility of this isotope and of 15 N-enrichment studies 
in general was examined in a thorough manner. It is 
hoped that the results obtained from this study will 
provide guidelines for future NMR experiments both on 
unenriched and enriched samples and will have application 
not only in the areas of organic and physical organic 
chemistry but also in the important biochemical and 
biological systems which involve nitrogen heterocycles. 
( 1) 
(2) 
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PART TWO 
THE 1H-NMR SPECTRUM OF 1-METHYLPYRAZOLE 
A. INTRODUCTION 
In heterocyclic ring systems the magnetic shielding 
experienced by two or more non-equivalent protons bound to 
the ring is often similar, resulting in closely spaced 
resonances in the 1H-NMR spectrum of the compound. In 
favourable cases, an analysis of the spectrum to obtain 
spin-spin couplings for the molecule is sufficient to 
unambiguously assign specific protons to each resonance 
but in more difficult situations, particularly where fine 
structure is lacking or not useful in assignment, other 
techniques have to be employed . 
The protons attached to C-3 and C-5 of pyrazole (1) are 
magnetically equivalent because of the time averaged 
symmetry of the ring but these protons become non-equivalent 
when the prototropism of the ring is removed by methylation 
of one of the nitrogen atoms. Although the NMR spectrum of 
1-methylpyrazole (2)t has been reported many times, workers 
disagree about the assignment of peaks to H-3 and H-5. 
The upfield doublett in the NMR spectrum of 1-methyl-
pyrazole in CC1 4 was originally assigned to H-3 on the 
t The 1H-NMR spectrum of 1-methylpyrazole (2) in CDC1 3 
consists of a three proton singlet at 83. 9 (N-Me), a 
triplet at 86.2 (H-4) and two doublets near 87.4 (H-3 and 
H-5). The terms 'upfield doublet' and 'downfield doublet' 
refer to the two sets of signals from H-3 and H-5. 
R3 R5 
( 3 ) Me H 
( 4) H Me 
( 5) H X X = Cl , Br. 
( 6 ) cooo H 
( 7) H cooo 
( 9) Me Cl 
(10) H COOH 
(11) COOH H 
(12) Me COOH 
(13) COOH Me 
( 16) H D 
( 17) H COOMe 
( 18) COOMe H 
basis of solvent shifts and chemical shifts of simil ar 
protons in model compounds (Finar and Mo oney, 19 64) . 
These workers found that the chemical shifts of the 3, 4 
and 5 protons of substitute d pyrazoles in cc1 4 fell into 
characteristic ranges and that when the solvent was 
14 
changed to TFA (trifluoro acet ic acid) the downfield shifts 
ot each ring proton were also diagnostic . Tensm eyer and 
Ainsworth t l966) assigned the upfield doublet of the 
spectrum of 1-me t hylpyra zole to H-3 on the basis of the 
earlier work and did not comment on the r everse assignment 
by Cola and Perotti (1964) . Habraken and Moore (19 65) 
synthesized 1 , 3- and 1,5-dimethylpyrazoles (3), (4), and 
used the chemical shifts of these compounds to assign H-3, 
H-5, Me-3 and Me-5 in 1- methylpyrazoles , This work was 
e xt ended by Habraken , Munter and Westgeest (1 967) who 
reported that H-3 and H-5 of 1-methylpyrazole had the sa me 
chemical shift in cc1 4 at 60 MHz Another meas urement of 
this compoun d ,n CC1 4 at 20 MHz di d not r esolve the two 
doub lets but a subsequent experiment a t 50 MHz did, and 
the upfield doublet was assigned to H-5 (Bystrov,Grandberg 
and Sha rova , 1965) In 1966, a tr ple resonanc e technique 
was used by Elguero et al . to assign the sp ectru m of 
1-methylpyrazole in a range of solvents . Th ese workers 
found that irra di a ti on of the H-3 and Me-5 peaks in the 
spectrum of 1 , 5-dimethylpyrazole sharpened the signal 
from H-4 more than that from H-3 was sharpen ed when the 
H-4 and Me-5 peaks were i rra diated . This residual 
broadening was attributed to an interaction between N-2 
and H-3 When the N-2 and H-4 resonances of 1-methyl-
pyrazo l e in cc1 4 were irradiated a larger increase in 
peak height was observed for the downfield doublet an d 
this was therefore assigned to H-3 The most rec ent 
assignment of the NMR spectrum of this molecule was ma de 
with the aid of the paramagnetic shift reagent, 
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NiBr 2 . 3H 2o (Zaev et al . , 1968) . On the basis of th e 
contact sh i ft of each peak, the relative line wi dths an d 
the calculated distance between each proton and th e pa ra-
magnetic species (assumed to complex on N-2), the 
downfield resonance in CDC1 3 was assigned to H-3 . A 
compilation of NMR data (Brugel, 1967) and a recen t boo k 
(Jackman and Sternhell, 1969) report H-3 as the upf ie l d 
doublet in the 1H-NMR spectrum of 1-methylpyrazole in CC1 4 . 
The conflicting assignments described above ar e 
summarised in Table 2 1 which also contains the r esul ts 
described in this section obtained by specific deute ration 
of C-5 . The summary clearly shows the hazards as soc i at ed 
with the use of model compounds to assign closely spaced 
peaks ,n the 1H-NMR specta of heterocycles Th e only 
obJective method of assignment involves specific 
deuteration of the molecule (type (a) isotopic s ub st it ut -
ion) Even though two other techniques listed in Table 
2 1 gave the correct assignment, the assumptions employed 
in their application leave them open to error s of 
interpretation . 
Table 2 . 1 
Ass i gnment of peaks to H-3 and H-5 in the 
1H-NMR spectrum of 1-methylpyrazole 
Repo r t Ref t Sol vent Assign ment Method Result 
1 a T FA, CC1 4 H-3 > H-5 Mode l compounds Incorr . 
2 b CDC1 3 H-3 > H-5 Fr om repo r t 1 Incorr . 
3 C CC1 4 H-5 > H-3 Not stated Correct 
4 d CC1 4 H-3 = H-5 Model compounds Incorr. 
5 e CC1 4 H-5 > H-3 Not stated Correct 
6 f CC1 4 H-5 > H-3 Tr i ple Correct resonance 
7 g CDC1 3 H-5 > H-3 Paramagnetic Correct shift reagent 
8 h TFA, CC1 4 H-5 > H-3 INDO Correct calculation 
9 h TFA, CC 1 4 , H-5 > H-3 Specific Correct deuteration 
CDC1 3 
10 CC1 4 H-3 > H-5 
Incorr . 
t Re f e r ences: 
a Finar and Mooney (1964); b Tensmeyer and Ainsworth 
( 1966); c Cola and Perotti (1964); d Habraken, Munter 
and Westgeest (1967); e Bystrov, Grandberg and Sharova 
(1 965); f Elguero et al. (1966); g Zaev et al. (1968); 
h This work; i NMR Texts . 
0 
0 
-ooc 
/NH 
N 
\ 
Me 
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B. RESULTS AND DISCUSSION 
S~nthet,c Considerations 
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For the deuterat,on of a particular molecule to be 
specific, two conditions must be met: (1) the st ucture(s) 
from which the deuterated derivative ,s synthesized must 
be known and (i1) the actual formation of the carbon 
deuterium bond must be unambiguous . 
Two methods were considered to specifically deuterate 
1-methylpyrazole at position 3 or 5 : (a) reduction of a 
l-methyl-5-halopyrazole (5) with a deuterated reducing 
agent; (b) decarboxylation of 3- or 5-deuteriocarboxy-
1-methylpyrazole (6), (7) 
The first method required the synthesis of l-methyl-
5-py r azolone {8), halogenation of this compound with a 
phosphorus polyhalide and then replacement of the halogen 
with deuterium using a strong reducing agent (P/DI; 
Although this method would give 
an unambiguous deuteration of 1-methylpyrazole, it was 
not investigated experimentally because of a recent 
report (Habraken and Moore, 1965) that all three reduction 
methods failed when applied to 5-chloro-l,3-dimethy1-
pyrazole (9) For this reason and because of the ease 
with which pyrazole-3(or 5)-carboxylic acids decarboxylate 
(RoJahn, 1926) the second deuteration route was used . 
l-Methylpyrazole-5-carboxyl,c acid {10) was reported 
to be formed in good yeild by carbonation of the reaction 
mixture of 1-methylpyrazole with n-butyllithium (Huttel 
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and Schon, 1959), (Shirley and Alley, 1958). Attempts to 
r epeat this work gave poor yields of the acid The 
readily prepared mixture of 1,3- and 1,5-dimethylpyrazoles 
was reported to be separable by fractional crystallization 
of the corresponding mixture of picrates (Burness, 1956) . 
Repeated recrystallization of the picrates afforded only 
marginal changes in the proportion of the two isomers as 
indicated by the height of the C-methyl peaks in the 
1H-NMR spectrum of the mixture . Controlled condensation 
of 4,4-dimethoxy-2-butanone with methylhydrazine gave a 
mixture although the 1,5-dimethyl isomer was far in e xcess 
(Burness (1 956) reports that only one isomer is formed). 
The mixture of dimethylpyrazoles could be oxidized with 
alkaline pe rmanganate to a mixture of 1-methylpyrazole -3-
and -5-carboxylic acids (11) and (10) . Fractional 
crystallization did not give a satisfactory separation 
of the acids, nor did fractional sublimation, but 
fractional distillation of their methyl esters led to a 
clean separation . 
The identity of the two acid isomers depends on the 
identification of the dimethyl isomer from which each acid 
was obtained but there is some dispute in the literature 
concer ning the assignment of structure to these two 
dimethyl compounds Von Auwers and Hollman (1926) first 
prepared the two isomers of 1,3(5)-dimethyl-5(3)-
pyrazolecarboxylic acid (12) and (13) and their 4-bromo 
derivatives. Only one of the bromo-acids could be 
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esterif1ed and its precursor was assigned structure (13). 
The dimethylpyrazole obtained by decarboxylation of this 
acid was considered to be the 1,5-isomer . Oxidation of 
this isomer gave the l-methyl-5-carboxy derivative 
(Rojahn, 1926) . The other acid has not been reported 
previously although both methyl esters were prepared by 
von Auwers and Breyhan (1935) and assigned correctly on 
the basis of their boiling points. However because 
condensation of methylhydrazine with S-ketobutyral dehyde 
acetal proceeds through an intermediate methyl hydrazone, 
Burness (1956) reversed the assignment of the structures 
I 
of the dimethyl isomers. The dilemma was resolved by 
Habraken and Moore (1965) who unambiguously synthesized 
the 1,3-isomer by reduction of the 5-chloro derivative 
obtained from the known 1,3-dimethyl-5-pyrazolone (14). 
This work confirmed the earlier assignment by von Auwers 
and Hollman . 
In the study reported here, further work was carried 
out only on the 5-acid because this was obtained in 
higher yield than the 3-isomer . Decarboxylation was 
troublesome and a number of different methods were tried. 
Refluxing diphenylether, refluxing diethylsuccinate, dry 
distillation with or without anhydrous copper sulphate, 
and heating in a sealed tube at 210° failed to effect 
any detectable decarboxylation . However the reaction 
proceeded smoothly in the presence of dried copper bronze 
at 130° and 50 % incorporation of deuterium was achieved 
specifically in the 5-position of 1-methylpyrazole. 
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The specif icity of decarboxylation is the second 
condition to be met for the validity of this approach and 
some insight into this aspect of the decarboxylat,on can 
be obtained from a consideration of the proposed mechanism 
for the reaction . Although the intermediate in the 
decarbo xyl ation of a- or S-heterocyclic carboxylic acids 
had been thought -to be the zwitterion (15), a careful 
analysis of the experimentally determined thermodynamic 
activation parameters for decarboxylation of heterocyclic 
and non-heterocyclic carboxylic acids indicates that the 
postulate of a zwitterion is not necessary and that 
heterocycli c fission of the undissociated acid occurs 
probably via an activated complex involving an inter-
molecu lar or intramolecular nucleophile (Clark, 1969). 
A Dreiding model of the 5-acid suggests intramolecular 
H-bonding would be unlikely to occur and this may explain 
the reluctanc e of the acid to decarboxylate on heating. 
Hence, the copper must take part in the activated complex 
and aid the heterolytic fission of the carboxyl group 
from the ring. The pyrazole, presumably as the ca r bonium 
or carbanion, has no easy mechanism by which it can 
delocalize the charge at C-5 and insertion of deuterium 
int o the ring would occur at the site of fission. In 
this work the specificity of deuteration was proven by 
1H-NMR spectroscopy . 
a 
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Fig. 2.1. The 1H-NMR spectra of the ring protons of 
a, a 50:50 mixture of (2) and (16) and b, (2) in: 
1 CC1
4
, 2 CDC1 3 , 3 TFA, 4 DMS0-d 6 , 5 benzene-d 6 , 
6 pyridine-d
5
, the field increases from left to right. 
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1 H-NMR Spectra 
The spectra of 1-methylpyrazole and of the 50/50 
mixture of 1-methylpyrazole and its 5-deuterio derivative 
(16) were recorded in six solvents . In all spectra of the 
mixture, comparison of intensities of the N- Me, H-4, and 
H-3 peaks indicated that no deuterium scrambling had 
occurred . The assignment of H-5 to a particular doublet 
could be made on the basis of a much reduced intensity of 
this doublet in the spectrum of the mixture, the lower 
intensity being caused by replacement of hydrogen by 
deuterium at that position . In five of the solvents H-5 
was the upfield doublet but in DMS0 the H-5 doublet 
occurred at lower field than the H-3 doublet . The spectra 
of the ring protons of the mixture and of pure 1-methyl-
pyrazole in each solvent are reproduced in Fig . 2 . 1 . 
Apart from the assignment of H-5 to a specific doublet a 
number of observations can be made about these spectra . 
In non-acidic solvents and when the two doublets do 
not overlap the resonance due to H-3 is considerably 
broader than the H-5 resonance and the coupling J 34 is 
less resolved . Broadening of protons a to nitrogens in 
heterocycles has been attributed to quadrupolar effects 
of the 14 N nucleus (spin 1) and two mechanisms are thought 
likely to contribute to this interaction: (i) broadening 
through shortening of the relaxation time of the 
a -proton by direct interaction with the 14 N nucleus; 
(ii) broadening from incomplete washing out of the 
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spin-sp in co uplin g between t he 14 N and the a -proton by 
quadrupolar r ela xa t i on of t he 14 N nucleus . After measure-
me nt of 1H and 14N spin lattice rela xat i on times and 
14 N-H couplings of some TT -de f icien t and some TT -e xcessive 
nitrogen heterocy cl es, Kin tz inge r and Lehn (1968) 
concluded that me chanis m ( 11 ) i s by far the most important 
contributor to br oadening of a -H signals i n ni trogen 
heterocycles . It is apparent by comparison of the spectra 
of 1-methylpyrazole with that of i ts cation (i e . in TFA) 
that broadening occurs in signals from all ring protons 
of the neutral molecule Protonation of nitrogen reduces 
the broadening by modification of the nitrogen quadrupole 
by effective r emoval of the lone pair di pole and also by 
reduction of t he N-H coupl i ng constant . Elguero et al . 
(1966) state that i r radia t ion of the nitrogen frequency 
causes a preferential increase in the height of the H-3 
resonance It i s diff i cult to see how this could be 
observed wit h TF A as so l vent because it is likely that 
both N-2 and N- 1 cont ri bute to the broadening of the ring 
proton signals and in fact i n this solvent the H-5 
doublet appears br oader than that of H-3 . 
The addit i onal broadness observed in the spectrum of 
the r i ng pr otons of the mi ture i s attributable to a 
superimposit i on of t he spectra of the two species present . 
Other possible causes of br oadness are an isotope shift 
due to the deuterium at C-5, which would be expected to 
be small (approximately 0 . 005 p . p . m. )(Batiz-Hernandez and 
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Bernheim, 1967) and deuterium-hydrogen spin-spin coupling 
which should be about 0.4 Hz . This coupling is not 
discernible even in the well resolved spectrum of the 
mixture in TFA which clearly exhibits the predicted super-
imposed triplet on a doublet for H-4 and shows no other 
coupling . 
Solvent peaks occur in the H-3 and H-5 region of the 
spectrum in hexadeuteriobenzene and pentadeuteriopyridine 
but these do not interfere with the assignment . The 
results for the six solvents are listed in Table 2.2 
together with the NMR parameters of some of the 
intermediate compounds . 
Although electron density calculations are sometimes 
the basis for incorrect assignments in the NMR spectra 
of heterocycles it is interesting that IND0 calculations 
of electrofi densities in 1-methylpyrazole and its cationt 
predict that at the 5-position of both species the o - and 
n-electron densities at C and the a -electron densities at 
H will be slightly greater than those at the 3-position . 
The calculated densities are given in Table 2 . 3 . A recent 
CND0/2 calculation by Finar and Burton (1970) gives 
results similar to those reported here for electron dens-
ities in the ring of 1-methylpyrazole and its cation. 
t Bond lengths and bond angles were taken from the Special 
Publications of the Chemical Society, Nos.11 and 18. For 
calculations involving the cation, protonation was 
assumed to occur on N-2 . 
Table 2 . 2 
Chemical shifts ( o) of the ring protons of 1-methylpyrazqle 
Values obtained from multiple resonance 
experiments t in parentheses . 
Solvent H-3 H-4 H-5 
CC1 4 7.28 ( 7 . 30) 6.10 (6.10) 
7 . 22 (7.22) 
CDC1 3 7 . 48 (7 . 49) 6 . 23 (6.22) 
7.33 (7.35) 
TFA 8 . 08 (8.11) 6 . 83 ( 6 . 83) 8 . 02 (8 . 05) 
DMS0-d 6 7 . 41 (7 . 41) 6.20 (6.21) 
7 . 65 (7.66) 
Benzene-d 6 7 . 52 
6 . 04 6 . 74 
Pyridine-d 5 7 . 66 
6 . 27 7 . 47 
1H-NMR data for intermediate compounds in the deuteration 
of 1-methylpyrazole. 
Compound 
(10) 
( 11) 
( 17) 
( 18) 
DMS0-d 6 
DMS0-d 6 
CC1 4 
CC1 4 
0-3 
7 . 5 2 
7 . 38 
t Elguero et al. (1966) . 
8-4 
6 . 85 
6.73 
6 . 76 
6.68 
o-5 
7 . 84 
o-NMe o-C00Me 2J 
4 . 12 
3 . 93 
4 . 19 
3.99 
3.87 
3 . 87 
2.0 
2.5 
2 . 5 
2 . 5 
Table 2. . 3 
Electron distribut iont in 1-methylpyrazole and its cation 
Molecule Ring Position 
1 2 3 4 5 
1-Methylpyrazole 1. 491 1. 289 L 025 1 . 101 1.076 
4 . 912 5 . 216 3 . 906 4 . 053 3.947 
1 . 020 1. 02 5 1 . 024 
1-Methylpyrazole 1.482 1. 591 0 . 926 1.067 0 . 928 
t 
cation 4 . 895 4 . 980 3 . 833 4 . 037 
0.822 0.939 0 . 9 39 
Entries give n-density, ( a + n) -density, and ring 
hydrogen density . 
3 . 840 
0 . 943 
Program used for computation was QCPE 141, obtained 
from Quantum Chemistry Program Exchange . 
C. EXPERIMENTAL 
Analyses were carried out by Dr J.E. Fildes and her 
staff Melting points (m . p . ) were measured in 1 Pyrex 1 
glass capillaries and were corrected The 1H NMR spectra 
of 4% w/v solutions were recorded in the field sweep mode, 
on a Perkin-Elmer RIO spectrometer , TMS ( o= O) was used as 
an internal standard and chemical shifts ( ± 0 . 02 p . p . m.) 
were measured using the side-band technique . 
1-Methylpyrazole (2), was prepared by the method of 
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Jones (1949) and also by the method of Finar and Lord (1957) . 
5-Deuter i o-1-methylpyrazole (16) . Alkaline permanganate 
oxidation of a mixture of 1,3- and 1,5-dimethylpyrazoles 
(3), (4) (Claisen and Roosen, 1894) , prepared by the method 
of Burness (1956) gave a mixture of 1-methylpyrazole -3-
and 5-carboxylic acids (11),(10) . Esterification of the 
mi xed acid (2 . 2g) was achieved by refluxing for four hours 
in methanol (10 ml . ) and concentrated sulphuric acid (lg) . 
The mixed esters (2 . 0g) were separated by distillation 
through a 5cm Vigreux column to give the 5-methoxycarbonyl 
derivative (17) b . p . 98-l04°C/ll mm . (lit . 70-76°/9 mm.) 
and the 3-methoxycarbonyl derivative (18) b . p . 260-3°/ 
760 mm . (lit . 120-6°/9 mm . )(von Auwers and Breyhan, 1935) . 
Hydrolysis of the esters (1:1 hydrochloric acid under 
reflux for four hours) gave the pure acids . 1- Methyl -3-
carboxypyrazole (11), m.p . 151-2°. Found: C, 47 . 36; 
H, 4 . 82; N, 22 . 3%. 1-Methyl-5-carboxypyrazole (10) , 
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m. p . 223-4° (lit . 222°, Huttel and Schon, 1959) . Found: 
c, 47 . 27; H, 4 . 91; N, 22.44 . Calculated for c5H6N2o2 : 
C, 47 . 58; H, 4 . 76; N, 22 . 20 %. The 1-methyl-5-
carboxypyrazole was deuterated by exchange with deuterium 
oxide (4 times) and then decarboxylated in the presence 
of dried copper bronze (ratio of Cu bronze to acid= 1:3) 
at 130° to give a roughly 50:50 mixture (75 % yield) of 
1-methylpyrazole (2) and its 5-deuterio derivative (16) . 
The NMR spectra of the mixtur e showed no unwanted peaks 
and the sample was thus sufficiently pure for the purpose 
of the investigation . 
(2) 
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A. INTRODUCTION 
PART THREE 
15 N-LABELLED PYRIMIDINES 
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Pyrimidines are found in nature and due to their important 
functions in living cells and their use as drugs, there is 
consi derable interest in their structure and properties . 
NMR studies of this ring system (1) have been concerned with 
str ucture determination, tautomeric equilibria, protonation 
and solvent effects, and a comprehensive essay on this work 
has been published recently in Brown's first supplement to 
1 The Pyrimidines' (Batterham, 1970) . The 1H-NMR spectra 
of pyrimidines are usually comprised of first order 
multi plets . However, because of the insensitivity of 1H 
spectral parameters to changes in ring substituents and to 
changes in then-bond structure of potentially 1 mobile 1 
pyrimidines (i.e . the 1,2-dihydro-2-oxo structure (2) 
compar ed with the 1 2-hydroxy 1 structure (3) ), 1H-NMR 
spectroscopy of pyrimidines is limited in its usefulness . 
These limits are highlighted by the incorrect assignment 
of the imino structure (4) to 1-methylcytosine (5) (Gatlin 
and Davis, 1962) . Proof of the amino structure (5) was 
obtained elegantly by Becker et al . (1965), from the 
spectrum of the exocyclic 15 N-analogue . Later work using 
complete 15 N-labelling confirmed the conclusions of Becker 
et al . and provided direct evidence that protonation of the 
ring occurs predominantly on N-3 (Roberts, Lambert and 
Roberts, 1965) . The later work reported some interesting 
15 N-H coup l i ngs to pro t on ,n t he ri ng, some of which 
cou l d not be assigned to a pa r ticular ring nitrogen atom . 
To date these have been the only reports of NMR studies 
of 15 N-labelled py ri midines . 
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The success of this work and the ease of synthesis of 
2-substituted py r imidines from urea type moieties 
e nco ur aged the following systematic study of mono- 15 N-
l abelled pyrimidines . In this section the synthesis of 
these compounds, their NMR spectral parameters and the 
structural implications of these measurements are discussed. 
' Many of the pyrimidines investigated contained the two 
protons H-4 and H-6, which were very often tightly coupled. 
That is, J 46 and o (the chemical shift between H-4 and H-6) 
were both small and because no other strong coupling was 
found in these sytems, they may be termed AB-based spin 
systems . In the usual approaches to the analysis of this 
system, the choice of bounds for the angle e in the 
tri gonomet r ic relationships employed to simplify calcul-
ati on, have not been considered because large positive 
couplings and shift differences dominate most spectra and 
difficulties in the use of these trigonometric forms do 
not arise . However, where negative parameters are present, 
as will happen for most 15 N couplings (the magnetic moment 
fo r 15 N is -0.28304µN ), labelling anomalies can occur and 
an investigation of this problem was necessary before 
double resonance experiments could be carried out on the 
15 N-labelled pyrimidines . 
B. RESULTS AND DISCUSSION 
AB-Based Spin Systems 
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A general analysis of a spin system with one tightly 
coupled pair of nuclei (AB ... ) is simplif i ed by factorizing 
the nuclear sp i n Hamiltonian, H0 into a number of 1 x 1 
submatrices and half that number of 2 x 2 submatrices, each 
of which contains the elements from the two AB basis spin 
states between which mixing occurs H0 is given by 
Ho = - Ew . I . z + 2 TT I: J . . I .• I . 
~· 'l, 'l, • • 'l.-J -,z, -J 
.., 'l, <J 
( 1 ) 
where w. = y. (1 a . ) H , a. is the magnetic shielding 
'l, 0 'l, 
'l, 'l, 
parameter, w. is the resonance frequency of the i th 
'l, 
nucleus in the absence of any coupling to other nuclei, 
I is the vector spin operator of nucleus i with the z 
component I.z , J . . 1s the spin coupling between nuclei 
'l, 'l.-J 
i and J in Hz, and Yi is the gyromagnetic ratio of 
nucleus i In this form the energy is expressed in units 
of angular frequency .t Solution of the Shrodinger 
equation, (2) , for a particular sub - spin system can be 
achieved by the usual variation procedure (Pople, 
Schnedier and Bernstein, 1959) . 
H0 1j) = Eij) p p 
t The notation used throughout this discussion is that 
of Freeman and Anderson (1962) . 
( 2) 
In systems where la r ge positive terms dominate the 
elements of the secular determinant derived from equation 
(2), no difficult i es arise concerning the use of trigono-
metric forms of the co-factors of the 2 x 2 determinant . 
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The co-factors can be shown to be proportional to the ratio 
of the coefficients c .. in the mixed wave function . That is: 
1.,J 
= 
Co-factor ( 1, 1) 
Co-factor (1,2) 
( 3) 
However, when large negative parameters occur in the secular 
determinant labelling anomalies may become apparent. To 
illustrate the argument, the simplest AB-based system, an 
ABX spin system was chosen. The basis spin states and 
energy levels are reproduced in Table 3 . 1. In this system 
two pairs of basis states are mixed and the secular 
determinant for the upper pair may be expressed: 
x 1- E+y z ij; 3 
= 0 with basii functions 
z 
( 4) 
It may be noted that x 1 is the sum of terms in the 
determinant's element H11 that appear with the same sign 
in H
22
, or ½(H 11 + H22 ), and y 1 is the sum of terms in H11 
that appear with opposite sign in H22 , or ½(H 11 - H22) · 
For this discussion the sign of z will be kept positive and 
the effect of a change of its sign will be considered later. 
Table 3 . 1. Basis and mi ed spin f unct ions and energy 
leve ·ls for the ABX spin system. 
Basis States 
Spin function Energy 1 eve 1 
1 aaa vAB + ½ vx + ½ (M + z) 
2 aaS vAB - ½ v X + ½ (- M + z) 
3 aSa ½(oAB + v X) + ½ (L z) -
4 Saa ½(- oAB + v X) +½ (- L - z) 
5 aSS ½( 0 AB - v X) +½ (- L z) -
6 SaS ½(oAB - v X) +½ (L z) -
7 SSa - vAB + ½vx +½ (- M + z) 
8 sss - vAB - l '2V X +½ (M + z) 
Mixed States 
Mixed spin function Mixed energy level 
3' cos e1asa + sin e1saa xl + cl 
4' -sin e 1asa + cos e 1saa xl - c l 
5' cos e 2aSS + sin e 2SaS x2 + c 2 
6' -sine 2aSS + cos e2saS x2 
- c 2 
v. = a .H (1 - cr. )/2, H is the static magn etic field. 
'Z, 1, 0 1, 0 
L = ½(J AX - J BX); M =½(JAX+ J BX); 2 = ½J AB; 
0AB = VA - vB' vAB = ½(vA + vB) 
xl = ½(v x - z) x 2 = - ½(vx - z) ' Y1 = 0AB + ½L 
0AB ½L ' ( y l 
2 + 2) ½ c 2 ( y 2 2 + z 2 ) ½ Y2 = - c l = z ' = 
Y1 = c l cos 2 e 1, Y2 = C2 cos 2 62, 
z = c l sin 261 = 
c 2 sin 262 · 
The mixed wave functions and energies obtained by 
solution of Eqn . (4) and the corresponding determinant for 
w5 and w6 may be defined in explicit analytical form and 
can be compared with the basis functions and energies in 
Table 3 . 1 . So far the treatment has been standard . The 
angle e1 has to be set within bounds because of the multi-
valued nature of the inverse trigonometric functions but 
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the choice of these bounds has been in dispute . The original 
choice was that of Pople, Schneider and Bernstein (1959) who 
used O<0<n but this range is twice that needed to describe 
the mixing of basis states and consequently the bounds 
0 to n/2 are often used . This latter range works well for 
positive parameters . Hoffman and Forsen (1966) have 
criticized these bounds and argued that the range 
-n/4 to n/ 4 is necessary to describe the physical process 
of mixing . 
Reasonable criteria for a set of bounds may be 
formulated: 
(a) they must provide for a smooth transition from the 
fully mixed state to the appropriate unmixed limited. 
(b) as this occurs the system oannot disobey the non-
crossing rule which states that in the process of 
mixing, energy levels may not become degenerate or 
cross over with respect to their associated unmixed 
levels (Teller, 1937). 
The mixing process defined by either set of bounds or 
for that matter defined by any two octants (the choice of 
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two octants whose limits for the unmixed state are separated 
by 3 TT /2 is simply convenient), can be described as one in 
which each mixed wave function moves from a point of no 
mixing to a common or equ ival ent point of max imum mixing . 
At th e stage of maxim um mixing a discontinu ity occurs which 
is such that each octant is quite separate fro m the other . 
Adherence to the non-crossing rule applies only to each 
octant as a separate entity and has no validity across the 
discontinuity . The two sets of bounds, Oto TT/ 2 and - TT /4 
to TT/ 4 are therefore ma de up of two separate octants 
3 TT/2 apart . This concept of mixing dismisses Hoffman 
and Forsen's ob j ection to the lim i ts Oto TT/ 2 . These 
workers suggest that for the Oto TT/ 2 limits, when e1 
passes through TT/ 4 (i . e . through a state of maximum 
mixing), the non-mixed limit of the mixed basis function 
cose 1asa+ sin e 1saa approaches Saa instead of aSa as e1 
approaches TT/2. However, it is not necessary for one 
mixed wave function to refer to the same un mi xed limit on 
either side of the di scontin uity and the use of appropriate 
bounds to ensure this is simply convenient . At the point 
of maximum mixing both of the basis functions aSa and Saa 
have no separate i dentity and only have significance when 
the system mo ves fro m this point. 
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Plots of the two mixing coefficients a and b 
Fig. 3.1. 
vs . y for the bounds O ~ e ~ TT /2 and - TT /4 f e ~ TT /4. 
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The equi valence of these two sets of bounds t is 
illust ated in Fig 3 . 1, in whi ch the two mixing coefficients 
a and b , where a ,s the coefficient associate d with the aSa 
basis spin state and bi s the coefficient associated with 
the Saa basis sp i n state, are plotted against e 1 or y 1 , 
f or constant z. The octant Oto n/ 4 is common to both sets 
of bounds and a d1scontinuity occurs in both a and b when 
y
1
: 0, i . e . at the state of maximum mixing . For the 
bounds - n/ 4 to n/4 and y 1 negative, the mix ed wave f unct ion 
invol ing the aea limi t is cose aea + sin e eaa Th e value 
of a reflects back to one The coefficient b which is 
negative in this octant goes back to zero For the bounds 
O· S<n/2 and y 1 negative, the octant involved is n/4 to n/2 
and both sine 1 and cose 1 are positive . However, the mixed 
wave function chosen to approach the aSa spin state is 
sin e
1
a ea - cos e1eaa , i . e . a is s i ne 1 and b is cose 1 , which 
takes a negative sign in the mixed wave function Hence, 
t Any two octants separated by 3rr /2 fall into three classes: 
1 . over the rr /2 range both sine and cosine have the same 
sign , 2 . over the n/2 range both sine and cosine have 
the oppo site sign . 3 . over rr /4 of the range sine and 
cosine have the same sign and over the other rr /4 range 
they have the opposite sign 
Classes 1 and 2 are the Oto rr /2 type of bounds and 
class 3 contains the - rr /4 to rr/4 type of bounds . 
.. 
4) 
C 
U,I 
0 -5·5 
s' 
+11 + 5•5 0 
Fig . 3 . 2. Plots of y 1 and Yz vs . the energy of the 
four mix ed and un mi xed energy levels of a hypothetica l 
ABX syste m. The labels are those for the bounds, 
- n /4 ~ e . .,; n /4. 
a plot of a and b against y 1 is identical to that for the 
-TT/4 to O octant , 
The discontinuity in e1 as y 1 passes through zero 
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creates labelling problems irrespective of th e bounds chosen 
For th e bounds, -TT/4 to TT/ 4, as the system passes 
through the point of maximum mixing , an inversion of the 
physical order of the energy levels (mixed and unmixed) 
occurs without a corresponding change of level numbers. 
This is to be contrasted with the O to TT/ 2 bounds as the 
system passes th r ough the point when y 1 = 0 where the 
energy lev els are not inverted and no problem arises with 
their labels . However, the mixed wave functions on either 
s i de of the discontinuity are different and a •relabelling• 
of wave functions is necessary . Replacement of 
cos e 1asa + sin e 1saa by sine 1aSa - cos e 1saa for the aSa 
limit when y 1 is negative leads to no inversion of the 
associated ene rgy levels and their labels . These 
considerations are ill ustrated in Fig . 3 . 2 in which for the 
two sets of mi xed energy levels in an ABX system a plot of 
y 1 and y 2 versus ene rg y for the four mixed and unmixed 
energy levels is given . The labels in the plot refer to 
the limits - TT/ 4 to TT/ 4 . For the alternate bounds the 
energy levels remain in the same order throughout . The 
mixed wave function ~3 , is always associated with the upper 
energy level 3', (x 1 + c 1), and the mixed wave function ~4 , 
i s always associated with the lower energy level 4', 
Similar associations apply to the other mixed 
pair of wave functions and energies . 
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Fig.3.3. The AB nomogram of a hypothetical ABX system in which 
J AB = 2, J AX = -10, J BX = 1 Hz, with cAB varying from 1-8 to -8 
Hz. The points at which Y1 and Yz pass through zero a re lab-
e 11 e d D1 and D2. Line numbers given are for the bounds n/4 
~ 8 ~ n/4. For the alternate bounds 0 ~ 8 ~ n/2 the numbers 
of the cAB = +8 Hz case are retained for transitions on the 
same dotted lines, regardless of the sign of y 1 or Yz· 
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The pract i cal significance of these two sets of bounds 
and the consequence of relabelling levels for one of these 
sets can be seen in the effect on the transition number of 
each line i n the spectrum as the system moves through the 
point of maximum mixing. For the bounds - n/4 to n/4, 
th e transition numbers of all lines with one energy level 
de riv ed from the 2 x 2 sub-matrix change at the point where 
y 1 passes through zero, because of the inversion of the 
energy levels in that sub-matrix. In a hand calculation 
such a change is confusing but in the use of iterative 
computer programs, variation of line numbers renders 
effective iteration impossible . For LAOCOON based 
programs the computation is equivalent to the use of 
bounds in which the c terms can change sign, i.e . the 
bounds - n/4 to n/4 . 
Use of the bounds Oto n/ 2 for hand calculations 
circumvents the labelling problem. Energy levels are not 
in verted and no apparent discontinuity occurs in the line 
patterns . The intensity expressions from Table 3.2 are 
not altered when y 1 or y 2 is negative and sin e 1aBa -
cos e 1s aa is the mixed wave function that approaches aBa 
in the limit of no mixing. 
The consequences of using the bounds - n/4 to n/4 are 
depicted in the nomograms of Fig . 3.3 and 3 . 4. A model 
ABX system is driven through its two maximum mixing states 
by variation of oAB ' The coupling J AX is large and 
negative . Transition numbers used are those from Table 3.2 . 
Table 3 . 2 . Trans1t1on frequencies and relative intensities 
fo r an ABX spin system . 
Transition No Type Energy Relative Intensity 
8 - 6' 1 B v AB - z - ½ M - c 2 l- sin2 02 
7 - 4 ' 2 B v AB - z + ½ M - c l l-sin20 1 
5' - 2 3 B v AB + z - ½ M - c 2 l+sin20 2 
3' 
- 1 4 B v AB + z + ½ M - c l l+sin20 1 
8 - 5' 5 A v AB - z - ½ M + c 2 l+sin2 82 
7 - 3' 6 A v AB - z + ½ M + cl l+sin2 01 
6' 
- 2 7 A v AB t- z - ½ M + c 2 l-sin2 02 
4' - 1 8 A v AB + z + ½ M + c l l-sin2 01 
8 - 7 9 X v X - M 1 
2 5 • 
-
3' 10 X vx + c l - c 2 cos (81 - 82) 
2 6' 
- 4' 11 X v X - c l + c 2 cos (81- 82) 
2 - 1 12 X v X + M 1 
7 - 2 13 Co mb vAB - v X 0 
5 ' 
- 4' 14 Comb . v X - c l - c 2 sin 2 ( 01- 02 ) 
6' 
- 3' 15 Comb . v X + c l + c 2 sin 2 (01 82) 
The symbols are defined in Table 3 . 1 
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The AB pattern is comprised of two sub-spectra, each 
dependent on one of the C terms, and these terms change 
sign at different values of cAB when 
( 5 ) 
At these points the line numbers change and sub-spectral 
decept i ve simplicity is observed. 
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In the X spectrum, if transitions between unmixed states 
are neglected, the other four lines involve transitions 
between the two pairs of mixed energy levels . The nomogram 
for the X spectrum is reproduced in Fig . 3 . 4 . In the range 
of values of cAB between y 1 = 0 and y 2 = 0, the inner two 
lines of the X multiplet are combination linest whereas 
the outer two are real X transitions . If the system 
crosses either value of cAB where y 1 or y 2 = 0, the 
limiting wave functions for two levels are reversed and the 
four lines derived from these levels are affected. The 
outer lines become combination transitions and the inner 
lines become real X transitions. 
t A combination line may be defined as a line which results 
from a transition between two mixed states from which the 
products of coefficients of each mixed wave function are 
of opposite sign, e . g. the transition between states 5 1 and 
4 1 (Ta ble 3 . 1) . The corresponding line has no intensity 
in the limit of no mixing. 
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During this discussion the sign of z has been assumed to 
be pos iti e . In most treatments of thi~ problem the sign 
of z is dismissed with the Justification that the phase 
factors of the basis wave functions are chosen to keep the 
value of z positive However, in practice this is not 
always possible, nor does the change of phase factors have 
no effect on th e system . If, in a real physical situation, 
the sign of z changes, the signs of c1 , c2 , y1 and y 2 are 
also changed as can be shown in the double angle relation-
ships defining e 1 and e2 The result is another inversion 
of the physical order of energy levels and hence another 
change of line labels. If one of the phase factors is 
chosen as -1 to compensate for the change in the sign of 
z, the line labels are not affected but the mixe d wave 
functions are altered . For example, cos e 1asa + sin e 1s aa 
becomes -cose 1asa + sine 1saa when the phase factor for aSa 
is chosen negative The new mixed wave functions can be 
used only if a new set of limits are used for e1. 
Fortunately, the signs of the off-diagonal elements 
seldom require alteration . 
The bounds problem discussed above is general for mixing 
in any 2 x 2 sub-matrix of the spin Hamiltonian . Labelling 
inconsistencies discussed by Hoffman and Forsen are 
remedied by the appropriate choice of wave function s and 
bounds for the mixed system . 
Similar considerations are applicable to the double 
resonance mixing process, specifically when the second rf 
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f i eld is s ufficiently weak tha t only one transition is 
perturbed at a time . Th i s condition of double resonanc e 
is termed 'tickling' (Freeman and Anderson, 1962), and it 
can be shown that this instance of mixing is analogous to 
the AB mixing pro cess . 
Double resonance e xperiments involve the interaction of 
two r f fields wi th the spin system and the resulting time 
dependent Hamiltonian is transformed to a rotating frame 
where it is time independen t. The transformed Hamiltonian 
is given by, 
V = - [ (w . - w ) + 2-n[ J . I J . - H 
• i. 2 . . -i J -i -J 
'I, -Z..J 
X [y . I. 
'1, '1, 
( 6 ) 
where the pe turbing field has amplitude 2H 2 and frequency 
w2 . The matrix elements of the Hamiltonian v are 
calculated using as basis functions the eigenfunctions 
of the single resonance Hamiltonian H0 (Eqn . l) and the 
diagonal elements have the form 
V = E + w2M pp p p ( 7) 
where E ,s the eigenvalue obtained from the time p 
i ndependent Shrodinger equation (2) and M is th e total 
p 
magnetic quantum number of the wave function~ . Th e p 
off-diagonal elements have the form, 
vpq = - yi H2 "pq = hrs ( 8) 
where >.. is the matrix element which determines the pq 
probability of the transition p to q in a single resonance 
spectrum and is zero unless M = M ± l . p q 
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If 1/J and 1/J are the two states perturbed by H 2 , the 2" 8 
solution of the new Shrod,nger equation is obtained by 
diagon ali zation of the sub-matrix which has these two 
functions as bas is functions In a manner similar to the 
AB calculation, an angle <Pr> may be defined such that the 
new mixed wave functions are of the form: 
'I' -= 1/Jl" cos<P:r>s + lj) 8 sin<P 2" 1'8 
( 9) 
ljl = -lj) sin<P + I/JS cos<P 8 2" 2"8 2"8 
where tan 2<j)r'S = hl"S/ (w2 - Wl"S) ( 10 ) 
Analytical expressions may be obtained for the new energy 
levels 2" 1 ands' and hence expressions for transitions 
from a level p to the level 2" by the tra nsition pr> may 
also be obtained . There are tw o distinguishable types of 
transition in this class of double resonance experiment, 
the regressive transition (w and 1/J have the same total p 8 
magnetic quantum number) and the progressive transition 
(I/JP and w8 have total magnetic quantum numbers that differ 
by two) The instance of a regressive case is considered 
here and the argument is equally applicable to the 
prog essive case . The frequencies and intensities of the 
two transitions pl" and p s can be expressed without the aid 
of trigonometric ratios . Frequencies are given by 
and intensities by, 
L = ½ IA2"pl2{1 + (w2 2 2 -½ - w ) [ ( w2 - w ) + ( h ) ) } 1'8 2"8 1'8 ( 12 ) 
' - - -r 
r _______ ..__ ' 
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Fig. 3.5 . The energy levels for a regressive case of 
tickling. The level r is the energy level common to 
both transitions. 
This particular energy level arr angement is depicted in 
Fig . 3 5 . 
form, 
The exp r ession for w1 can be seen to be of the 
2 2 k: Wl = X + y i (y + Z ) 2 (13) 
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whi ch i s analogous to the expr ess i on for transitions 
involving mixed wave functions i n the AB discussion above. 
Change of sign of y ,s equivalent to the irradiating 
frequency moving across the perturbed li ne (w ) . 
rs 
Howeve r , the label li ng problems are avoided because the 
factor (w 2 - w ) in the i ntensity expression changes rs 
sign when w2 crosse s w and so keeps the correct intensity rs 
with its trans iti on energy . 
.,. 
Hoffman aQd Fo r sen describe this pro cess with the aid 
of the mixing angle ¢ in a manner similar to their 
r 
treatment of AB type mi xing . Because the offset paramete r 
(w 2 - w ) can change sign, they conclude that either set rs 
of bounds fo ¢ (i . e . 0 to ~1 2 or - n/4 to n/ 4) may be rs 
used for the double ~esonance mixing process . However, 
the same conclusions r eached in th e AB-based spin system 
discussi on can be made in this instance of mixing . 
Consider the transition rs in Fig . 3 . 5 . Interaction 
with the second rf field causes both levels to mix and 
two new levels are generated r ' and s ' . The energy level 
p which had only one allowed transition pr now has two 
transitions given by w1 in equation (11) . 
energy levels have the values, 
( 2 2 2) ½ E ' = E + y ± y + 
r 
The two new 
( 14) 
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where y and z are defined by inspection of Eqns . (11) and 
( 13) . Inversion of the order of the levels occurs when 
y passes through zero and this leads to a reassignment of 
the two lines derived from transitions to th ese two levels . 
The algebraic method of Freeman and Anderson is seen to be 
equivalent to the set of bounds Oto n/2 for e1 and e2 in 
the AB discussion because, at the point of maximum mixing 
the mixe d wave functions which approach ~r and ~s are 
changed . This is compensated for by the change in the 
sign of t he factor y in the expressions for the intensity 
of each line . Hen ce, labelling problems associated with 
tickling experiments and with the formation of mixed wave 
functions in AB-based spin systems are found to be remedied 
by the choice of a set of bounds for the mixing angle 
(e. or ~ ) and an appropriate choice of a set of wave 1, rs 
funct ions for each octant . In the algebraic approach to 
tickling described by Freeman and Anderson a mixing angle 
is not used and labelling anomalies are avoided . 
The most complex spin system encountered among the 
labelled pyrimidines was the four spin ABMX system and 
although a general analysis of this system has been 
reported (Lee and Sutcliffe, 1958), the derivation of 
energy levels and transition frequencies is reproduced in 
Tables 3 . 3 and 3 . 4 to aid the discussion of spin tickling 
and Overhauser effects later in this section . 
A 
X 
M 
6 2 
B ,1 
N R 
(6) 
(7) 
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ABMX SPIN SYSTEMS 
(i) General Analysis . 
The four spin system of an 15 N-labelled 2-substituted 
pyrimidine (6) can be described as an ABMX type. 
2-Substituted 1,2-dihydropyrimidines (7) have time averaged 
symmetry and their spin systems may be classified on the 
NMR time scale in the same manner as 2-substituted 
pyrimidines with real symmetry . The assumption that H-5 
is an M-type proton (i . e. not strongly coupled to the AB 
protons) is reasonable because the ratio, JAM/ oAM' is about 
1:40. The approximation was checked by a comparison of 
the frequencies and intensities obtained using the 
expressions in Table 3. 4, where Mis assumed not to mix, 
with those obtained from a non-iterative LAOCOON 3 
computation in which mixing of the M proton is taken into 
account. The differences in intensities and line 
positions were small for the twenty four AB and M lines 
(mean deviation 0 . 048 Hz) . 
For the purposes of comparison with computer calculations 
the limits, - TI /4 to TI /4, for the mixing angles e1 to e4 were 
used, i . e . c terms may have either sign . In this work no 
15 N spectra were obtained directly because of the lack of 
a suitable spectrometer . Hence the magnitude of all 
couplings in the system had to be determined from the 
1H-spectrum or indirectly from the 15 N spectrum. The AB 
spectrum consists of 16 transitions and the number of the 
corresponding lines that are resolved will depend on the 
Table 3. 3 Energy levels for the ABMX spin system . 
Basis function Ene rg y Mixe d function 
ABMX 
1 a.a.a.a. 
2 a.a.as 
3 a.a.Sa. 
4 a.Sa.a. 
5 Sa.a.a. 
6 a.a.SS 
7 a.Sa.S 
8 Sa.a.S 
9 a.SSa. 
10 Sa.Sa. 
11 SSa.a. 
12 a.SSS 
13 Sa.SS 
14 SSa.S 
15 BSBa. 
16 BBBS 
vAB + vMX ½ (K+P+R) 
vAB ½(8 MX+ M+P -R) 
vAB + ½( - 8MX+ M-P+R) 
vMX + c l - ½ M 
vMX - Cl - ½ M 
vAB - vMX + ½(K- P-R) 
Cz + ½(8MX - K) 
- C2 + ½( 8MX - K) 
C3 = ½(8MX + K) 
- C3 - ½( 8MX + K) 
a. a.a.a. 
a.a.a. s 
(cose 1a.s + sin e1sa. )a. a. 
(-sine 1a. s + cose 1sa. )a.a. 
a.a.BB 
(cose 2a. s + sin e2sa. )aB 
(-sin e2a.s + cos e2sa. )a.S 
(cos e3a.s + sin e3sa. ) Ba. 
(-sine 3a. s + cose 3sa. ) Ba. 
- vAB + vMX + ½(K- P- R) SSa.a. 
- vMX - c4 - ½ M (-sine 4a.s + cos e4sa. )SS 
- vAB + ½(8 MX+M- P- R) SBa.B 
- vAB + ½( - 8MX+ M+P- R) BBBa. 
- VAB - VMX + ½(K+P+R) SBBB 
P =½ (J AM+ J BM); Q 
S = ½(JAX J BX); K 
= ½(J AM J BM); R =½(JAX+ J BX); 
=½(JAB+ J MX); M = ½(JAB J MX); 
8 AB -· 
= y. H. /21r; 
1 1 
Ci = ½ ( [8AB 
QS l = Q + S ; 
vB; VAB = 
+ vx); v i 
+ QS. ] 2 
1 
QS = Q 2 
2 k: 
+ J AB ) 2 ; 
S ; QS 3 = - Q + S ; QS 4 = - Q - S. 
Table 3 . 4 
A lines . 
Transition 
5 1 + 1, Al 
8 1 2, A2 
10 1 + 3, A3 
13 1 + 6 , A4 
11 + 4 1 , AS 
14 + 7 1 , A6 
15 + 9 1 , A7 
16 -r 12 1, A8 
B lines . 
Transition 
41 + 1 , Bl 
71 + 2 , B2 
91 3 , B3 
12 1 6 , B4 
11 + 5 I , BS 
14 + 8 I , B6 
15 + 10 I , B7 
16 + 13 I , B8 
Frequencies and intensities for the 
ABMX spin system . 
Frequency 
Cl+ vAB + ½(P + R + J AB) 
C2 + vAB + ½(P - R + J AB) 
C3 + vAB + ½(- P + R + J AB) 
C4 + vAB + ½( -P - R + J AB) 
Cl+ vAB + ½(P + R - J AB) 
C2 + vAB + ½(P - R - J AB) 
C3 + vAB + ½(- P + R - J AB) 
C4 + vAB + ½(- P - R - J AB) 
Frequency 
- c 1 + VAB + ½( P + R + J AB) 
- c 2 + VAB + ½( P - R + J AB) 
-c 3 + VAB + ½(- P + R + J AB) 
- c 4 + VAB + ½(- P - R + J AB) 
- c 1 + VAB + ½(P + R - J AB) 
- c 2 + VAB + ½(P - R - J AB) 
- c 3 + VAB + ½(- P + R 
- J AB) 
- c 4 + vAB + ½(- P - R - J AB) 
Relative 
Intensity 
1 - J AB/2 Cl 
1 - J AB/2 C2 
1 - J AB/2 C3 
1 - J AB/2 C4 
1 + J AB/2 Cl 
1 + J AB/2 C2 
1 + J AB/2 C3 
1 + J AB/2 C4 
Relative 
Intensity 
1 + J AB/ 2Cl 
1 + J AB/ 2C2 
1 + J AB/ 2C3 
1 + J AB/ 2C4 
1 
- J AB/ 2C1 
1 
- J AB/ 2C2 
1 
- J AB/ 2C3 
1 
- J AB/ 2C4 
Table 3 4 cont i nu ed ( pag e 2 ) 
M lines . 
Relative Transition Freque ncy Intensity 
3 1 ' Ml vM + ½J MX + p 1 
6 + 2 ' M2 v M - ½J MX t p 1 
9' + 4 I > M3 v M + ½J MX + c l - C3 cos 2 ( 01 - 8) 
10' + 5 I > M4 vM + ½J MX - c l + C3 cos 2 ( 01 - 83) 
12' 7 I > MS v M - ½J MX + C2 - C4 cos 2 ( 02 - 84) 
13' 8 ' ' M6 vM - ½J MX - c 2 + C4 cos 2 ( 02 - 84) 
15 1 1 , M7 v M + ½J MX - p 1 
16 + 14, M8 vM - ½J MX - p 1 
9' + 5 ' M9 vM + ½J MX - c l - c 3 sin 2( 01 - 83) 
10' 4 I > Ml0 v M + ½JMX + c l + c 3 sin 2 ( 01 - 83) 
12' -+ 8 I ' Mll vM - ½J MX - C2 - C4 sin 2 (e 2 - 84) 
13' t- 7 I > Ml2 vM - I + C2 + C4 sin 2 ( 02 - 84) '2d MX 
Table 3 . 4 continued (page 3) 
X lines . 
Relative 
Tr ansi t ion Frequency Intensity 
2 1 • X 1 v X + ½ J MX + R 1 
6 3 • X2 v X - k 2 J MX + R 1 
71 
-+ 4 I • X3 v X + ½ J MX + c l - c 2 cos 2 ( 01 - 82) 
31 + 5 I > 2 82) X4 v X + ½ J MX - c l + c2 cos ( 0 1 -
12 1 -+ 9 I • XS v X - k 2 J MX + C3 - C4 cos 2( 03 - 84) 
13 1 10 I , X6 v X - ½ J MX - C3 + C4 cos 2 ( 03 - 84) 
14 11, X7 v X + ½ J MX - R 1 
16 15 , X8 v X - k 2 J MX - R 1 
71 5 I > X9 v X + ½ J MX - c l - c 2 sin 2(0 1 - 8 2) 
31 4 ' • Xl0 v X + ½ J MX + c l + c2 sin 2(0 1 - 82) 
12 1 >- 10 I > Xll v X - ½ J MX - r, I., 3 - C4 sin 2( 03 - 84) 
13 1 9 I > X12 v X - k 2 J MX + C3 + C4 sin 2( 03 - 84) 
D 
l l DD 1 1 
~B 
7 
1 
2 
Fig. 3.6. The measurement of spectral parameters of 
2-substituted pyrimidines directly from the 1H-NMR 
spectra of the 15 N-labelled and 14 N compounds, 
(spectra 1 and 2 respectively). The four AB sub-spectral 
t t . th t f th 
15 N . t quar es ,n e spec rum o e -,so opomer are 
designated a, b, c and d. 
relative magnitudes of the A and B couplings and the 
chemical shift difference, cAB' between the two nuclei . 
The M spectrum (H-5) contains twelve transitions four 
of which have zero intensity when cAB = 0 and J AM= JBM' 
This discussion is restr i cted to spin systems in which 
cAB = O and J AM = J BM' which describes the majority of 
four spin cases discussed in this section . A number of 
parameters can be obtained directly from the experimental 
spectrum. From the M spectrum, J MX' J AM' J BM can be 
obtained by comparison with the spectrum of the 
14 N-isoto~omer as shown in Fig . 3.6 . The AB spectrum is 
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comprised of four AB sub-spectral quartets and the coupling 
J AB can be measured from any of these as shown in Fig.3 . 6 . 
J AX and J BX are the only parameters which cannot be 
measu r ed directly from the spectrum . Half their sum 
occurs i n each expression of line frequency of the AB 
tr ansitions of Table 3 . 4 and half their difference in each 
of t he four c terms . With the other parameters fixed, it 
is these two couplings which uniquely determine the AB 
pattern of lines and in Fig . 3 . 7 the effect of variation of 
J AX is depicted . Typical values were used for the 
couplings J AM' J BM' J AB and J BX ' The spectra were 
simulated with the aid of the program PLABMX . 
(ii) Approx i mate Solution 
It can be shown from the analytical expressions for the 
transition frequencies of Table 3 . 4 that the total width 
of the AB spectrum, DD , will be given by 
d 
e f 
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Fig . 3.7. The effect of variation of J AX on the AB 
spectral pattern of a model ABMX system in which, 
J BX = 0. 5, J AM = J BM = 5.0, J AB 
= 2.5 Hz and 0AB = o. 
J AX i s varied from -14 to -2 
Hz i n steps of 2 Hz in 
the spectra labelled a to f. 
In a hand calculation, all c terms are of equal magnitude 
when oAB = 0 and J AM= J BM ' D, the distance between the 
two largest lines of an AB sub-spectrum, is given by 
D = 2 jcj - J AB 
The quantities D and DD are indicated in Fig.3 . 6 . 
From Eqns . (15), (16) and the expressions for c in 
Table 3.3, 
and J BX = J AX - 2DS 
( 16 ) 
( 17) 
( 18) 
( 19 ) 
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The parameter that is difficult to determine is D, 
because in many instances there may appear to be more than 
one way in which the AB spectrum can be divided into 
sub-spectra . However, the choice is usually not great 
and each value of D can be tested to see if the values of 
J AX and J BX calculate.cl from it generate a spectrum similar 
to the experimental spectrum . 
For instance in the spectrum of the disulphide (8), 
three distinct sets of D splittings can be observed . 
However, only one of these, D = 3 . 9 Hz will enable four 
identical AB sub-spectra to be obtained from the spectrum . 
In some cases the AB multiplet is not nearly as well 
resolved and a number of choices of D can be made. 
b 
e 
d 
a C 
Fig. 3.8. The calculated (LAOCOON) and experimental 
1H-NMR spectra of (8) in DMSO-d 6 , (a and b respectively) 
are co mpared with the three "possible" calculated 
spectra corresponding to D values of 3.9, 4.7 and 5.4 Hz, 
c, d and e respectively, (1 division= 1 Hz). 
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These choices are tested by simulating a spectrum using 
values for J AX and J BX calculated from Eqns . (17) and (19), 
and comparing this with the experimental spectrum. The 
method is illustrated, 1n the case of the disulphide, in 
Fig.3 . 8 . Three spectra, corresponding to three "possible" 
values of D, are reproduced tog ether with the experimental 
spectrum and the theo r et ical spectrum obtained by iterative 
r efinement of the parameters used in the D = 3 . 9 Hz case . 
The values of each parameter is given below for the three 
calcu lations, when oAB = 0, J AM = J BM' = 4 . 7 Hz, 
J AB = 2 . 5 Hz and DD = 19.l Hz . 
D J AX JBX 
3 . 9 
4 . 7 
5 . 4 
-11.3915 
-11.4520 
-11.4940 
0.3915 
2.0520 
3.4940 
From iterative computation, the values obtained were 
-11 . 320 Hz and 0 . 308 Hz respectively for J AX and J BX" 
Thus if the AB spectral pattern is sufficiently well 
r esolved, a good app r oxim ate analys is can be obtained simply 
by the method desc ri bed above and the results obtained can 
be used as a basis for refining by an iterative technique . 
The need to refine these parameters is caused by a small 
degree of second order interaction between the Mand the AB 
protons . oAM is often small enough to perturb the AB 
spectrum and the perturbation causes small alterations of 
peak heights and frequencies . 
• 
'~ ~ ' iH 
N~R 
H 
( 10) R= S 
( 9) R= 0 
( 
• 
,, -.,_ NH 
(~ ~s 
N 
Me 
( 15) 
(8) 
( 11 ) 
( 17) 
R=S 
R=O 
( 12 ) R= s 
( 13) R= 0 
( 14) R= SMe 
( 19) R= Cl 
JS 
Me 
( 16) 
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The combination of the mathematical approach described 
above and inspection of the experimental spectrum is 
sufficient to obtain a unique set of parameters for the 
analysis of the spectrum 
(iii) Experimental Spect a and Analysis 
Peaks in the 1H-NMR spectra of 2-substituted pyrimidines 
(6) have been assigned previously to specific ring protons 
(Gronowitz and Hoffman, 1961 ; Gronowitz et al . , 1964). 
In an 
14
N isotopomer, the large chemical shift difference 
between H-4(6) and H-5 and the i r spin-spin splitting 
patterns are explained by assigning the downfield double t 
(o 8 . 5) to H-4(6) and the triplet near o 7. 0 to H-5. 
(a) Di(pyrimidin-2-yl- 15 N1)disulphide (8) in DMSO-d 6 . 
The spectrum of this compound in DMSO-d 6 was obtained 
by dissolving the hydrochloride (10) in DMSO-d 6 and, on 
slight warming or standing, almost total oxidation to the 
disulphide occurred . The peaks corresponding to all 16 AB 
transitions are resolved and, as was described in section 
(ii), the spectrum is amenable to approximate calculation 
With these values and the coupling 
constants obtained directly from the spectrum by inspection, 
an iterative computation using LAOCOON 3 was performed . 
In the final calculation it was assumed that there would be 
a negligible isotope effect on the chemical shift of A, and 
the coupling J AM · In the following computations, the 
input parameters were chosen equal to or very close to 
( ± 0 . 005) the final best iterati ve solution 1n which 
The results are summarised : 
Held equal Held RMS er r or 8AB J AM - J BM constant 
1 v A , v B ; 
J AM, J BM 0 . 045 0 . 0±0 . 009 0.0 ±0.013 
2 J AM, J BM J AM' J BM 0 . 048 0 . 058 - 0.028 0 . 0 
3 v A , v B v A , v B 0 . 051 0 . 0 0 . 043 ±0 . 044 
4 J AX' J BX 0 . 047 0.058 ±0 . 026 0 . 040 ±0.038 
5 v B , J BM 0 050 0.026 ±0 . 029 0 . 019 ±0 . 052 
6 v A, J AM 0 . 050 0 . 027 ±0 . 029 0 . 018 ±0.052 
7 0 . 047 0 . 058 ±0 .02 8 0 . 039 ±0 . 040 
In each case other than 1, where both iS AB and 
J AM - J BM are held at zero, small perturbations are 
introduced by the computer i11 an attempt to obtain a 
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better fit . The values obta i ned for iS AB and/or J AM - J BM 
are al 1 smal 1 and are almost certainly artefacts produced 
by inaccuracies in the measured line positions. Few 
reports of 15 N isotope effects have been published but the 
available data suggest that they would be insignificantly 
smal 1 compa ed with the accuracy of the results listed 
above (Batiz-Hernandez and Bernheim, 1967). 
In the best iterative solution, the signs of the two 
coupling constants, J AX and J BX were opposite . An 
attempt was made to force J BX to change sign by reassigning 
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certain lines in the AB spectrum in accord with trial 
non-iterative solutions in which J AX J BX > O. The 
iterative computation gave a large RMS error in line 
positions and still gave J AX J BX < 0 . It is not 
surprising that this procedure failed because the spectral 
pattern depends on both the sum and difference of the two 
15 N coupling constants . These terms are not interchange-
able because they occur in different ways in the 
expressions for the transition energies of the AB spectrum 
(Table 3. 3, 3. 4) . 
The first measurement of the spectrum of this solution 
showed two small peaks downf1eld from the AB multipl et . 
With time (about 3 months) these peaks grew in intensity 
till it was apparent that another pyrimidine was being 
formed . Although the AB spectrum of this compound was 
very poorly resolved the M spectrum was sufficiently good 
to obtain the 15 N frequency of this species . Two 
possible structures for the new compound were the 2-oxo 
hydrochlo ide (9) and the 2-mercapto hydrochloride (10) . 
The spectrum o the oxo compound was superimposable on the 
spectrum of the unknown compound whereas the chemical 
shift difference oAM for the mer capto compound measured 
in DCl was much smaller . The nitrogen chemical shifts t 
t In p.p . m. downf ield from NH: (Chuck, Gillies and 
Randall, 1969) . Unless otherwise stated chemical 
shifts of 15 N will refer to NH: as standard . 
1 1 
b a 
Fig. 3.9. 
-- --
1 1 
a 
The 1H-NMR spectrum of (8), a and (9), b 
in DMSO-d 6 . 
t I 
---- --
Fig. 3.10. The experimental and calculated 1H-NMR 
spectra of (10) in DCl, (1 division = 1 Hz). 
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of the three compounds are given below with the proton 
shift diffe r ence oAM: oN oAM (Hz) 
Unknown (DMS0-d 6 ) 161.851 19 3. 3 
( 9) (DMS0-d 6 ) 165 . 927 194 . 4 
(10) (DC l ) 17 9 . 523 170 . 2 
The effect of solvent on oAM and oN for the 2-mercapto 
compound would not be expected to be large enough to 
invalidate the assignment of the 2-oxo hydrochloride 
structure to the new compound The spectrum of the new 
compound, together with that of the disulphide, is 
reproduced in Fig . 3 . 9 . Th e spect r um of the M proton of 
the disulphide shows a sl ig ht increase in intensity on the 
downf i eld s i de of t he double tr i plet due to a small amount 
of interaction wi t h the AB nuclei . 
(b) Py rimi din-2-(1 H)-thione- 15 N1 hydrochloride (10) in 
DCl. 
The low solub ility of this compound in DCl and the 
r eduction in size of J AX compared with the disulphide 
causes the AB spectral patte r n to be not well resolved and 
the peaks to be closely spaced . The M proton, (H -5), is 
more strongly coupled to the AB protons than in the 
previous spectrum and the effect of this perturbation is 
seen in the upfield portion of the AB multiplet , Fig . 3 10 . 
Approximate data obtained from the calculation (ii) were 
used for an iterative computat i on of the spectrum. 
ii I I I I I I I I I ii I I I I I I I ii I I 
Ii I Ii I I I I I I ii I I I I I I I I I I Ii I I 
Fig. 3. 11. The experi rnenta 1 and ca 1 cul ated 
1
H-NMR 
spectra of (11) in DMSO-d 6 , (1 division= 1 Hz). 
Dif f e r en ces between calcu la ted and experimental line 
positions fo all lines we r e l ess than 0 . 05 Hz, which is 
less than the ac cur acy with which the experimental lines 
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could be measu r ed . Exper imental and co mputed spectra are 
reproduced i n Fig . 3 . 10 . The condition J AX 'J BX < 0 was 
again found . 
( c ) Pyrim i din-2-(1H)-thione- 15 N1 (11) in DMS0-d 6 . 
The AB spectrum of th i s compound measured in DMS0-d 6 
was not well r esolved . The coupling, J AX although larger 
(about -7 Hz) than i n the protonated species (10) did not 
aid the resolution of the smaller lines in the AB spectrum 
and only ten peaks could be distinguished. Expansion of 
the spectrum on a scale greater than 5 Hz/cm did not aid 
the resolution of peaks and hence values obtained for 
J AX and J BX for this compound were subject to some 
uncertainty ( ± 0 . 1 Hz fo r both coupling constants) . 
Desp ite t hi s, the r e l at i ve signs of the two couplings were 
again opposite . The experimen t al and computed spectra 
a r e compa r ed in Fi g . 3 11 . 
( d) Pyrim i di n-2- ( 1H)-thione- 15 N1 ( 11) in o2o;oo- . 
Simple pyrimidines wh i ch contain one acidic proton are 
soluble in aqueous solutions of high pH and form the 
co r responding anions, which would be expected to be more 
a r omatic than the free bases from which they were derived . 
The acidic pK for compound (11) is 7.14 (Johnson and a 
Harn, 1933) . The spectrum of the anion (12) was well 
resolved and twelve peaks in the AB spectrum were evident . 
Fig. 3.12. The experimental and calculated 1H-NMR 
spectra of (11) in o2o;oo-, (1 division= 1 Hz). 
An appr oximate solution was obtained and an iterative 
computation gav e a goo d fit of the theoretical to the 
e xpe rimental spectrum, Fig . 3 . 12 The possibility of 
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hydrolysis of this compound, although unl ikel y, was checked 
by com pa rison of the spect r um o this compoun d with that 
of the 2-oxo an io n (13) obtained und er similar conditions. 
As would be expected the two AB pa tterns are s imi lar, 
howeve r there are sufficient diffe r ences in this pattern 
and in the chemical shift difference, oAM' to indicate 
th at little if any r ea ction had occu rred . Furthermore, 
the 15 N chemical shift difference between the two species 
was 36 ppm . In this molecul e too, the sign of J AX was 
opposite t o that of J BX ' 
(e) 2-Methylthiopyrimidine- 15 N1 (14) in acetone-d 6 . 
The spectrum of this co mpound in acetone is unusual 
because only eight of the sixteen transitions appear to 
be resolved . However, if the energy level diagra m for 
the spin system is considered it is apparent that the 
e ig ht sharp lines are all A lines (i . e . from the proton a 
to th e 15 N atom) . The other e ight B transitions are a ll 
broadened due to interact ion with the a - 14 N ato m. In the 
spectrum of the 14N isotopomer the measured half height 
wi dth of t he AB l ines is 1 . 6 Hz . This effect in the 
1H-NMR s pec tra of py rimi di nes r ecorded in solv e nts of low 
polarity has been observed pr ev i ously (Gronowitz, et al . , 
1964). More e xt ensive broaden ing is observed in the 
-- -
Fig. 3.13. The calculated and experimental 1H-NMR 
spectra of (14) in acetone-d 6 , (1 division= 1 Hz). 
spectrum of this compound measured in CC1 4, in · which all 
ring protons are broadened by interaction with the 14 N 
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nucleus . The use of acetone as solvent would be expected 
to cancel some of the effect of the lone pair on 14 N, more 
so than for CC1 4 . Similar broadening was found in the 
spectrum of the 2-chloro compound measur ed in coc1 3.t 
The spectrum of (14) was calculated in the usual manner 
although the estimation of the separation of the large AB 
lines in each quartet was difficult due to the broadened 
nature of the large Bline . Iteration was carried out on 
the A lines and some of the B lines and an excellent fit 
was obtained . The experimental spectrum and the calculated 
spectrum (using twice the half height width for B lines) 
is reproduced in Fig . 3 . 13 . Again the condition 
J AX 'J BX < 0 was found to hold . 
(f) 2-Methylthiopyrimidine- 15 N1 (14) in CC1 4 . 
Although this molecule is aromatic and has a well 
spread AB pattern, the spectrum is particularly broad. 
On closer inspection some of the lines appeared broader 
t The absence of similar broadening in the spectra of 
2-substituted pyrimidines in DMSO or water is probably 
due to the effective removal of the lone pair dipole of 
the 14 N atom. Unfortunately, the facilities for 14N 
decoupling were not available to establish conclusively 
the cause of this broadening. 
I I 
Fig. 3.14. The calculated and experimental 1H-NMR 
spectra of (14) in cc1 4 , (1 division= 1 Hz). 
than others and this phenomenon is probab ly caused by the 
14 N atom ,n the molecule as was found for the spectrum of 
this compound in acetone . An approximate determination 
of parameters was carri ed out and used as a basis for 
iterative refinement . However, the computation was 
51 
hindered by the accuracy with which each peak position could 
be measu ed and the few small lines resolved in the 
spectrum. Refinement proved difficult and two solutions 
were obtained which only differed in the position of the 
two small lines on either side of the centre of the AB 
pattern . A large (1 . 2 Hz) value of J BX gave a reasonable 
fit with the experimental spectrum but the two small lines 
were almost superimposed and not as they occur, almost 
merged into the larger peaks on either side of the centre . 
The difficulty in measuring peak positions accurately 
caused this feature to be the only one capable of 
distinguishing the two solutions . The condition 
J AX 'J BX < 0 was found to hold for this molecule also . 
The calculated spectra were simulated using di fferent half 
height widths for the A and B lines and an intermediate 
width fo the lines of the M spectrum. The two spectra 
are eproduced in Fig.3 . 14 . 
(g) 1-Methylpyrimidin-2-thione-3- 15 N1 hydrochloride 
(15) in DMSO-d 6 . 
The solubility of this compoun d in DMSO is not great 
and the resolution is not aided by ring proton coupling 
to the N-Me group . All 15 N tickling and decoupling 
11111 I II I Ii 111 I Ii 111 II ii 1111 I II 1111 Ii I I II I I I I ii I II 
Fig.3.15. The e xperimental and calculated 
1H-NMR spectra 
of · (15) in DMSO-d 6 , (1 division = 1 Hz). 
I I 
Fig . 3.16 . The experi mental and calculated 1H-NMR 
spectra of (16) in DMSO-d 6 , (1 division = 1 Hz). 
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experiments were obtained under conditions of N-Me 
decoupling . The methyl coupling constants to each of the 
protons was estimated from a comparison of half-height 
widths of each line measured under conditions of no Me 
decoupling and with Me decoupling . The coupling constants 
were estimated: 4J H,Me 0 . 3 Hz . , 5J H,Me 0 . 08 Hz . , 6J H,Me 
0 . 2 Hz . The AB spectrum is characterized by a large 
chemical shift difference, oAB' of about 17 Hz . The 
downfield AB multipl et can be assigned to H(6) because it 
contains the small 15 N coupling, whereas the upfield AB 
resonance has a larger (3 . 8 Hz) 15 N coupling constant . 
No splitt i ng of the N-Me peak was observed due to 15 N 
coupl i ng and no measurable decrease in half height width 
of this peak was observed under conditions of total 15 N 
decoupling . In this molecule the relative signs of 
J AX and J BX could not be determined from iterative analys is . 
The e xperimental (N-Me decoupled) and computed spectra are 
r eproduced in Fig . 3 . 15 . 
(h) 1-Methylpyrimidin-2-thione-3- 15 N1 (16) in DMS0-d 6 . 
This compound was considerably more soluble than its 
hydrochloride in DMS0 and a well resolved spectrum was 
obtained under conditions of N-Me decoupling . Th e methyl 
4 couplings in this molecule were: J H,Me 0 . 2 Hz , 
5 6 J H,Me 0 . 1 Hz , J H,Me 0 . 15 Hz . The AB spectrum was 
amenable to an approximate calculation and an iterative 
computation was performed using the fourteen peaks of the 
AB spectrum together with those of the M spectrum, Ft.3 .ffi . 
Fig. 3.17. The experimental and calculated 
1
H-NMR 
spectra of (9) in DMSO-d 6 , (1 division = 1 Hz). 
.,... 
Fig . 3 . 18. The calculated and e xperimental 
1
H-NMR 
spectra of (17) in DMSO-d 6 , (1 division = 1 Hz). 
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J AX .J BX was found to be < 0 . 
(i) Pyrimidin-2-(1H)-one- 15 N1 hydroch1oride (9) in 
DMSO-d 6 . 
Although less well resolved, the spectru m of this 
compound r esemb l ed that of the mercapto hydrochloride 
measu r ed in DC l. The spectrum contains a small AX 
coupling like that from the sulphur compound but two of 
the smaller lines are hidden in the large quartets on 
eithe r side of the centre of the spectrum . Despite the 
poor resolution, a good fit of computed and experimental 
spectra was obtained and both are reproduced in Fig.3 . 17 . 
The AX and BX couplings were found to be of opposite sign . 
(j) Pyrimidin-2-(1H)-one- 15 N1 (17) in DMSO-d 6 . 
The spectrum of this compound was well resolved and 
the AB pattern appeared simple. Iterative computation 
proved difficult, however, because of difficulty in 
i de ntifying AB sub-spectra in the unsymmetrical AB 
spect r um . The condition J AX 'J BX < O was found to hold 
and the computed and experimental spectra are reproduced 
in Fig . 3 . 18 . 
(k) Pyrimidin-2-(1H)-one- 15 N1 (17) in o2o;oo- . 
This compound is not as soluble in aqueous solution of 
high pH as the 2-mercapto compound . The signals are very 
weak and appear to have unusual peak heights. This may 
be due to a small amount of saturation of the signals from 
such a dilute solution . For this reason iteration was 
di ff ic ult. The spectrum of the 2-mercapto anion was 
Fig. 3. 19. The calculated and experimental 1H-NMR 
spectra of (17) in o2o;oo-, (1 division= 1 Hz). 
Fig. 3.20. The calculated and experimental 1H-NMR 
spectra of (19) in CDC1 3 , (1 division= 1 Hz). 
use f ul as a r ough guide to the intensity of each peak in 
the AB spectrum. The computed spectrum is compared with 
the experimental spectrum in Fig.3 . 19 . To check that 
the line ass i gnment was cor r ect a number of s pectra were 
simulated using 15 N coupling constants calculated for 
eve ry possible value of D measurable in the spectrum and 
on l y in the case reproduced in Fig . 3. 19 was the line 
pattern similar to the experimental spectrum . 
(1) 2-Chloropyrimidine- 15 N1 (19) in CDC1 3 . 
The spectrum of this compound dissolved in CDC1 3 was 
very br oad due to the effect of the 14N nucleus in the 
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ring . The eight A transitions appeared much sharper tha n 
t he B t r ans i t i ons and the M multiplet was also considerably 
br oadened . A rough analysis was made using all of the A 
lines and some of the B lines which were not totally 
ob sc ur ed by broadening . It was necessa ry to assign some 
B tr ans it ions i n the spect r um to enable the coupling J BX 
t o be dete r mi ned and after a number of computations a fit 
was obtained wh i ch was good for the A lines and reasonable 
fo r the B l i nes . A plot of this calculated spectrum 
using different half height widths for the A and B 
transitions is depicted in Fig . 3 . 20 together with the 
e xperimental spectrum. The condition J AX "J BX < 0 was 
a l so found in this molecule . The broadening observed in 
this spectrum and in the spectra of other aromatic 
pyrimidines in weakly polar solvents appears to be general . 
Fig.3.21. 
b 
a 
1 
The 1H-NMR spectrum of (19) in acetone-d 6 . 
The AB and M resona nces are labelled a and b 
respectively, (1 division= 2Hz). 
--
Me 
(21) R= S 
(28) R= 0 
(26) 
0 
A 
X 
M ~ N• 
~ \I 
Me N/'R 
(20) 
(22) R= S 
(29) R= 0 
(24) 
( 31) 
Me 
~. N 
,,i)s Me N 2 
0 
(23) R= S-
(25) R= NHNH 2 
(30) R= 0-
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(m) 2-Chloropyrimidine- 15 N1 (19) in - acetone-d 6 . 
The A and M transitions in the spectrum of this 
compound dissolved in acetone-d 6 were much sharper than 
those observed in the spectrum of the same compound 
dissolved in CDC1 3. An iterative analysis of the 
spectrum was not perfor me d, because the B lines were not 
resolve d and the A and M lines were superimposable on the 
A and M lines of the spectrum of (19) in coc1 3 . The 
experimental spectrum is reproduced in Fig.3.21 . 
AM X SPIN SYSTEMS 
(i) Intr oduction 
Replacement of the 4 or 6 proton of a 2-substituted 
pyrimidine removes the AB nature of the spin system and if 
any contribution from the substituent is ignored an AMX 
type system r esults (2 0) . A methyl group attached to the 
ring is known to broaden the spectrum of the ring protons 
due to long range M~ -H couplings (Batterham, 1970). 
Furthermore, because the synthesis of these C-methyl 
homologues involves condensation of 1,4-dimethoxy-2-
butanone with a mono- 15 N-labelled urea moiety, the 
materials formed would be expected to be mixtures with the 
15 N label in position 1 or position 3. It is unlikely 
that the reactivity of a nitrogen atom in a urea is 
altered appreciably by its isotopic mass. All of the 
systems encountered exhibited essentially first order 
spin-spin splittings and were therefore simply analyzed 
by direct measurement from the spectrum . For the sake 
of consistency with the previous section, the proton y 
to th e 
15
N atom in the pyrimidine ring will be referred 
to as the B nucleus . 
(1i) Experimental Spectra and Analysis 
(a) 4-Methylpyrimidin-2-(1H)-thione-1(3)- 15 N
1 
hydrochloride (21). 
The low solubility of this compound in DCl, o
2
o and 
other solvents suitable for hydrochlorides prevented any 
spectra of this species being obtained. However, the 
hydrochloride is oxidised to the disulphide in DMS0 in 
the cold in a manner analogous to the 2-mercapto 
hydrochloride (10). 
(b) 4-Methylpyrimidin-2-(1H)-thione-l,(3)- 15 N
1 
(22) 
in DMS0 - d6 . 
The spectrum of this compound was very poorly resolved 
and weak (10 mg/ . 3 ml) and no attempt was made to analyze 
the spectrum . 
(c) 4-Methylpyrimidin-2-(1H)-thione-l,(3)- 15 N
1 
(22) 
in D20/0D- . 
The spectrum of the anion (23) was also weak. 
However, the AX coupling could be measured but the smaller 
MX and MeX coupling constants were not resolvable. No 
attempt was made to obtain the nitrogen frequency of 
this species because of the weakness of the 1H signals. 
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b 
a 
* 
Fig. 3.22. The 1H-NMR spectrum of the ring protons of (24) 
in coc1
3
. The AB and M resonances are labelled a and b 
respectively, (1 division= 20 Hz),* CHC1 3 . 
b 
a 
Fi g . 3.23. The 1H-NMR spectrum of the M proton of 
(2 6) in CDC1 3 obtained under conditions of no Me 
decouplin g a, and b, decoupling the Me group. 
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(d) Di( 4- me t hylpyrimidin-2-yl-1(3)- 15 N1)disulphid e (24) 
in CDC1 3 . 
The spectrum of this compound in CDC1 3 showed the 
expected peaks fo r a mi xtu r e of three disulphides containing 
pyrim 1d 1n e rings wi t h two different isotopic substitution 
patterns (one hav i ng the methyl group and the other with a 
proton a to the 15 N label) . The 1:3:3:1 quartet from 
H- 4 (6) was we l l r esolved and the two couplings J AX and JAM 
were easily measured . The magnitude of the coupling JBX 
must be less than the half height width of the centre 
lines of the quartet, but may have been resolvable had 
The M proton signal is a very broad doublet. 
Tha t this broadening is not due to methyl coupling but 
rather to the presence of the 14N nucleus was confirmed 
by decoupling the methyl group. The spectrum of this 
compou nd in CDC1 3 and of the M resonance with and without 
Me de co upling is r eproduced in Fig . 3 . 22 and Fig . 3.23 
r espe cti vely . 
(e) Di(4-Methylpyrimidin-2-yl-1(3)- 15 N1)disulphide 
(24) in DMSO-d 6 . 
The spectrum of this compound was obtained by dissolving 
the hydrochloride (21) in DMSO-d 6 and allowing the solution 
to stand for an hour . The solution of this compound was 
uns t able and decomposition of the compound caused the 
spectrum to be poorly resolved . The coupling const ants 
J AX and J AM were not measurably different from those 
ob t ained rom t he spec tr um of this compound in CDC1 3 . 
b 
a 
F 
Fig . 3.24. The 1H-NMR spectrum of the ring protons of 
(26) in DCl. The AB and M resonances are labelled 
a and b respectively, (1 division = 5 Hz). 
(f) 4-Methyl-2 - hydrazinopyrimidine-1(3)- 15 N
1 
(25) 
in hyd r azine . 
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The spect r um of this compound was obtained by 
dissolving the hydrochloride (21) in hyd r azine and allowing 
the solution to stand for a few hours. The spectrum was 
not well resolved but 15 N couplings of 10.6 Hz (JAX) and 
3 . 0 Hz (JMeX) were apparent . 
(g) 1;6-Dimethylpyrimidin-2-thione-3- 15 N
1 
hydrochloride (26) in DCl . 
The spectrum of the A and M protons of this compound 
in DCl 1s reproduced in Fig.3.24 . From the magnitude of 
the coupling JAX (2 . 74 Hz) it is quite definite that only 
one compound, the 1,6-dimethyl isomer is present . If 
there were both the 1,6 and 1,4 isomers present not only 
would there be some coupling to the Me group by the 15 N 
for the 1,4 isomer but the A spectrum would appear as 
two 1:2:1 triplets formed by the superposition of the two 
A multiplets, (JAM= 6.25 Hz) . Some coupling of the 
N-Me group to the ring protons was apparent but no 
attempt was made to remove this by double resonance. 
(h) l,6-Dimethylpyrimidin-2-thione-3- 15 N1 (27) in 
DMS0-d 6 . 
The spectrum of this compound dissolved in DMS0-d
6 
confirms the previous assignment of the 1,6 structure to 
the corresponding hydrochloride. The M proton doublet 
does not show 15 N coupling which would be obscured by 
broadening caused by coupling to the N-Me and perhaps 
a b 
Fig. 3.25. The 1H-NMR spectrum of the ring protons of 
(27) in DMSO-d 6 . The AB and M resonances are labelled 
a and b respectively, (1 division = 5 Hz). 
a b C 
I I I 
Fig. 3.26. The 1H-NMR spectrum of (28) in DCl, 
(1 division= 5 Hz), a, the AB resonance, 
b, the M resonance and c, the Me resonance. 
i\ 
I 
C 
b 
a 
, 
Fig.3.27. The 1H-NMR spectrum of (29) in DMSO-d 6 . 
The AB, Mand Me resonances are labelled a, band c 
respectively, (1 division= 5 Hz). 
the C- Me g oups . The A pattern (from H-4) is character-
ized by a ve ry large AX coupling, 12 Hz, indicative of 
the pr esen ce of an adjacent 15 N atom . The A and M 
spe c t r a ar e r ep ro du ced in Fig . 3. 25 . 
(i) 4-Methy l pyrimid i n-2-(1H)-one-1(3)- 15 N1 
hy dr ochl ori de (28 ) i n OCl . 
The solub il ity of this compound in DCl is high and a 
well resol ved spect r um was obtained and is reproduced in 
Fig . 3. 26 . A small degree of perturbation occurs between 
the A and M protons, indicated by the non-uniform 
intensit i es in each mu l tiplet . This spectrum is of 
i nterest be cause the coupling, J BX is clearly resolved 
and qui te l ar ge, (0 . 6 Hz) . Though less well resolved, 
the Me group shows an 15 N coupling of 2.6 Hz . 
(j ) 4-Methylpyrimidin-2-(1H)-one-1(3)- 15 N1 
hyd r ochl ori de (28) in DMSO-d 6 . 
The s pe c t um was very poo r ly resolved and the small 
s i ze of J AM caused the two halves of the A multiplet to 
part ia lly ove r lap . 
(k) 4-Methylpyrimidin-2-(1H)-one-1(3)- 15 N1 (29) in 
DMSO-d 6 . 
The spectrum of this compound in DMSO is reproduced 
in Fig . 3. 27 . The A and M protons show the expected 15 N 
coup li ng s and the Me group has a large coupling to 15 N 
of 2. 7 Hz . There were no measurable couplings between 
the r ing pr otons and the methyl group and the BX coupling 
cons ta nt wa s not r esolved . 
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a b 
10 Hz 
C 
' 
2 Hz 
Fig. 3.28. The 1H-NMR spectrum of (30) dissolved in o2o/ 
OD , a the AB resonance, b the M resonance, c the Me 
resonance. 
(1) 4-Methylpyrimidin-2-(1H)-one-1(3)- 15 N
1 
(29) in 
D20! 0D- . 
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The spectrum of this anion (30) was particularly wel 
r esolved and JAX' J MX and J MeX could be obtained from the 
spectrum . A sma l l second order perturbation of the AM 
system is not iceable in the peak heights of both 
multiplets. The spectrum is reproduced in Fig.3.28 . 
The near equality of JAX and 2JAM interferes with the 
resolution of Jax· 
(m) Barbituric acid- 15 N1 (31) in DMS0-d 6 . 
The spectrum of this compound in DMS0-d6 consisted 
of a sharp singlet at 83. 5 (methylene protons) and a 
1 1:2:1 triplet at 811. 0 (NH protons) . The JNH value was 
90 Hz . Although the centre peak of the triplet was the 
same height as that of the two outer peaks of the triplet, 
it was broadened considerably which would be expected for 
an 
14N bound p oton in this molecule. 
(n) Barbitu ric acid- 15 N1 (31) in TFA. 
The spectrum of this compound in TFA was similar to 
that of the same compound in DMS0-d 6 . The sharp singlet 
occurred at 83 , 9 and the triplet at 89.82. The coupling 
constant 
1J NH was slightly larger in this solvent (92 Hz) 
compared with that found in DMS0 solution . Furthermore 
the half-height width of the N-H peaks were approximately 
three times that of the N-H peaks in the spectrum of (31) 
in DMS0. Expansion of the singlet at 83.9 on a scale of 
1 Hz/cm did not esolve an 15 N- 1H coupling constant. 
Me 
\ 
Me 
Me 
X 
M ,::?' N• 
~ \I 
Me N,/'R 
(31a) 
Me Me 
(32) R= S (33) R= S 
(39) R= 0 (40) R= 0 
Me Me 
~ . • N .,,,- NH 
" 
~s 
1$ ~ 
Me ,_N S 
N I 
Me 
(35) (36) 
Me 
-(34) R= S 
(38) R= NHNH 2 
-(41) R= 0 
Me 
~N • 
N~S Me 
I 
Me 
( 3 7) 
a b 
Fig . 3.30. The 1H-NMR spectrum of (32) in DCl. 
Th e Mand Me resonances are labelled a and b 
respectively, (1 division = 5 Hz). 
MX SPIN SYSTEMS 
(i) Introduction 
Two ring C-Me groups in place of the two protons H(4) 
and H(6) greatly simplifies the 1H-spectrum and the spin 
system may be classified as an MX system (31a) if 
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methyl-proton couplings are neglected. Assignment of the 
ring proton is trivial, but in molecules in which the two 
C-Me groups are non-equivalent, assignment of these has to 
be made on the basis of 15 N couplings . 
(ii) Experimental Spectra and Analysis 
(a) 4,6-Dimethylpyrimidin-2-(1H)-thione- 15 N1 
hydrochloride (32) in DCl . 
The proton spectrum of this compound consists of a 
downfield doublet H(5) and a broad · 4,6 - dime thyl pea k which 
contains a 3 Hz 15 N coupling. The spectrum is 
reproduced in Fig . 3. 30 . 
(b) 4,6-Dimethylpyrimidin-2-(1H)-thione- 15 N1 (33) 
in DMSO-d 6 . 
The peaks in the spectrum of this compound in DMSO-d 6 
were particularly broad and even the expected 3J NH coupling 
to H-5 was not resolved. The broadness could be attributed 
to coupling between the C-Me groups and H-5 . The methyl 
resonance was not sufficiently well resolved to de tect 
couplings to either 15 N or H-5 . 
(c) 4,6-Dimethylpyrimidin-2-(1H)-thione- 15 N1 (33) 
in D20/0D- . 
The spectrum of the anion (34), obtained by dissolving 
a 
- - -- -- --
b C 
r 
Fig. 3.31. The 1H-NMR spectrum of (36) in OCl. 
The M, N-Me and C-Me resonances are labelled 
a, band c respectively, (1 division= 20 Hz). 
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(33) in ctqueous solution of high pH, was not well resolved . 
The expecte d 15 N coupling of lHz to H-5 was obscured by 
coupling to the two methyl groups. Couplings to the Me 
protons were also unresolved . 
(d) Di(4,6-dimethylpyrimidin-2-yl- 15 N
1
)disulphide 
(35) ,n CDC1 3 . 
This spectrum was not well r esolved due to the 
quadrupolar broadening of the 14N atom. The MX coupling 
constant could not be resolved by methyl decoupling and 
even t he 15 N-Me coupling is poorly resolved. 
(e) Di(4,6-Dimethylpyrimidin-2-yl- 15 N
1
)disulphide 
(35) in DMSO-d 6 . 
The spectrum of this compound was obtained by 
dissolving the hydrochloride (32) in DMSO-d
6
. Oxidation 
to the disulphide was not complete and the spectrum 
contained peaks due to an approximately 50:50 mixture 
of (35) and (32) . 
(f) 1,4,6-Trimethylpy rimi din-2-thione-3- 15 N
1 
hydrochloride (36) in DCl. 
This spectrum shows the usual H(5) doublet and three 
methyl resonances. Th e downfield signal can be assigned 
to the N-Me group on the basis of its chemical shift 
03,99, an d of the other two methyl signals, the upfield 
is a sharp doublet J = 3.0 Hz and can therefore be 
assigned to the C-4 methyl group. 
reproduced in Fig . 3.31. 
The spectrum is 
a b 
Fi g . 3.32. The 1H-NMR spectrum of (38) in DCl. 
The M and Me resonances are labelled a and b 
re spec tively, (1 division= 5 Hz). 
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(g) l,4,6-Trimethylpyrimidin-2-thione-3- 15 N
1 
hydrochloride (36) in DMSO-d 6 . 
The spectrum of this compound in DMSO-d 6 shows only 
two methyl peaks because the third and most upfield 
C-methyl peak is obscured by the DMSO peak. The assignment 
of the C-Me groups is the same as that for the DCl solution 
of the hydrochloride (36) because the downfield C-Me peak 
is not observably coupled to 15 N. 
(h) l,4,6-Trimethylpyrimidin-2-(1H)-thione-3- 15 N
1 (37) in DMSO-d 6 . 
The spectrum of this solution was not well resolved . 
Although the large 15 N-Me coupling of 2. 5 Hz was measur-
able the resonance due to H(S) was very broad and the 
expected small MX coupling constant could not be determined 
The broadness was due to N-Me coupling to H(S) . 
(i) 4,6-Dimethyl-2-hydrazinopyrimidine- 15 N
1 
(38) 
in DCl. 
Because of the low solubility of this compound in 
common solvents except HCl, the spectrum of the DCl 
solution was recorded . The spectrum was well resolved and 
15
N couplings to H-5 and the Me protons were apparent . 
The spectrum is reproduced in Fig . 3 . 32. 
(j) 4,6-Dimethylpyrimidin-2-(1H)-one- 15 N
1 
hydrochloride (39) in DCl. 
The spectrum of this compound dissolved in DCl was 
well resolved and the expected large 3JNH coupling 
constant to H-5 (3.75 Hz) was observed . The 15 N coupling 
a b 
Fig . 3.33 . The 1H-NMR spectrum of (39) in OCl. 
The Mand Me resonances are labelled a and b respectively, 
(1 division= 5 Hz). 
a b 
Fig. 3.33a. 
1 -The H-NMR spectrum of (40) in D20/0D . 
Th e Me and M resonances are labelled a and b 
respectively, ( 1 division= 5 Hz). 
to the Me protons was 2 . 75 Hz . 
reproduced in Fig . 3 . 33. 
The spectrum is 
(k) 4,6-0imethylpyrimidin-2-(1H)-one- 15 N
1 
(40) 
in 0MSO-d 6 . 
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The peaks in the spectrum of this compound were 
broa de ned due to coupl i ng between H-5 and the Me protons . 
The 
15
N coupling to H-5 was resolved but the 15 N coupling 
to the Me protons was not. 
(1) 4,6-0imethylpyrimidin-2-(1H)-one- 15 N
1 
(40) 
• in o2o;oo- . 
The spectrum of the anion (41) showed the expected 
peaks due to H-5 and the Me protons . The 15 N coupling 
constant to H-5 could not be resolved because of 
broadening caused by coupling to the Me protons, but 
the heteronuclear coupling to the methyl protons was 
we ll r esol ved . The spectrum is reproduced in Fig.3 . 33a . 
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SIGNS OF 
15
N-H COUPLING CONSTANTS AND DETERMINATION OF 
15
N RESONANCE FREQUENCIES 
(i) Line-shape considerations. 
The analysis of the 1H-NMR spectrum of an 15 N-labelled 
py r 1m1d1ne yields the magnitude of the couplings in the 
molecule but gives no information concerning the relative 
signs of these couplings, except in molecules of the ABMX 
spin type where the signs of JAX and JB X were found to be 
opposite, (JAX. J BX < 0) . The negative gyromagnetic 
ratio of 
15
N should make most 15 N-H couplings negative, 
because yH is positive and 
(20) 
where KNH is the reduced coupling constant, dependent only 
on the electronic environment and usually positive (Pople 
and Santry, 1964) . 
The relative signs and magnitudes of coupling constants 
of a molecule determine the relative order of energy levels 
of the spin system . Alternatively, if the order of 
energy levels of the spin system can be deduced, the 
relative signs of coupli ng constants can be inferred. 
Double resonance techniques are employed for this purpose 
The use of a second weak perturbing rf field, "spin 
tickling", can indicate whi ch transitions have an energy 
level i n common and hence, the relative order of energy 
l e vel s ~an be ded uced . 
Be f or e discussing the tickling experiments it is 
useful to conside r the effect of the low negative value 
of the 
15
N gyromagnetic ratio in a hypothetical tickling 
experiment . For frequency sweep conditions, Freeman and 
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Anderson (1962) have developed equations for the line 
shapes of the observed transitions in a tickling e xp e riment 
both fo r the general case, Yx f yA (Xis the tickl ed 
nucleus and A the observed nucleus) and for the proton, 
YA = Yx· 
defined: 
The following dimensionless parameters are 
6 = (w 2 W1'S ) /h1'S ( 21) 
St = (w l W1'p ) /h1'S (22) 
* St -" (wl - wsp )/ hr s ( 2 3) 
where the W IS and h a re as given in the previous tickling 1'S 
discussion . The expressions for frequency and intensity 
of the regressive and progressive cases become respectively. 
St = ½ [6 ± (1+ 62) ½] 
St * = 
- ½ [6 ± (1+ 62 ) ½] 
L± = ½ [ 1 + 6 (1+ 62)- ½] 
L is the ratio of the perturbed to unperturbed line 
intensity . 
(24) 
(25) 
( 2 6 ) 
1 E, 1n re que nty units is the deviation at any point in 
the sample of the magnetic field, 6H, from the field at 
the centre of dist r ibution, 
E = YA 6H ( 2 7) 
* t hen fo r gi ven values of 6 n , n (in a plot of n vs . 6 
0 0 0 
60 , D0 1s th e ce ntre of the magnetic field distribution), 
th e va lu e of E for the nuclei at reson ance can be 
calculated from Eqns . 24 and 26 and, 
n -; n - € 0 
D* = D* 
- € 0 
6 = 6 1" € 0 
(28) 
( 2 9) 
( 30) 
If g (E) is the relative number of 
nuclei per interval of Ethen the line shape is given by, 
s ( n0 , 60 ) = g (El) X L( El) X (dEl/dDO) + 
g (E2 ) X L( E2 ) X (dE2/dr2 0 ) 
and it 
E 1, 2 = 
L± = L ; 2 
ca n be shown that for r i 1 , 
{(2- r ) n 0 
{l (6 + 0 
= { (2 
[( r>Do .- 6 ) 2 1: 6 + 1- r] 2 }/2(1 - r) 0 + 0 
- r> E)/[1 + ( L} 0 
2 1: 
- 2"€) ] 2 } 
1" ) ± ( r>D - 6 ) X 
0 0 
- 6 ) 2 + 1 - r]-½}/2(1 - r) 0 
( 31) 
( 32 ) 
( 3 3) 
(34) 
For regressive transitions where 1/r > 1, El corresponds 
to L+ and E2 to L _ . The expressions for the progressive 
case are obtaine d by changing t he coefficient of r> in 
some of the te r ms of Eqn . 32 . For the nuclei 13 c and 15 N, 
1/ r > 1 and it is interesting to com pare the line-shapes 
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a b 
r 
C d 
r 
r 
Fig. 3.34. The simulated spectra of : a, the unperturbed 
1H line; b, the 1H {1H} tickling case; c, the 1H {15 N} 
tickling case and d, the 1H {13 c } tickling case. 
Regressive splittings are designated rand progressive p. 
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obtained for a hypothetical 1H transition which has an 
energy level in common with the heteronuclear transition t 
with the line-shape of a 1H transition which has an energy 
level in common with a 1H transition that 1s being tickled, 
1
H{1H} In Fig.3.34, the simulated spect r a of the three 
protons ( 1H{ 13 C}, 1H{ 15 N}, 1H{ 1H})are given together with 
the line-shape for the unperturbed line . The line-shape 
function used was that employed by Freeman and Anderson to 
represent magnetic field inhomogeneities. The tickling 
conditions are~ = 0 and h = the full linewidth of the 0 1"S 
unperturbed line. The r values for the three nuclei which 
have an energy level in common with the observed 1H 
trans1t1on ar e 1, 0 . 252 and 0 . 103 for 1H, 13 c and 15 N 
r espe ctively . The heteronuclear tickling regressive cases 
are much less resolved than for the homonuclear tickling, 
1
H{1H}, and the splitting is asymmetric. The ratio r 
determines the setting of ~ which will give sharpest lines 
0 
for a given combination of nuclei . The best values of 
this offset calculated for 13 c and 15 N were -0 . 09236 and 
-0 . 035685 respectively . For a tickled transition of 
relative intensity one and for a small value of h 
1"S 
h 
· · · t · · f· t · 13 c t e error 1n assuming w2 = w ,s no s1gn1 ,can 1n a 1"S 
or 
15
N frequency measured in Hz from the 1H signal of TMS . 
t The tickling e xp eriment may be abbreviated 1H{X } , 
whee X = 13 c or 15 N (Baldeschwieler and Randall, 1963) . 
- 1·0 
~o 
0 +1·0 
a 
Fig. 3.35. The line-shapes of the observed 
1H transition for the tickling experiments: 
60 is varied from -1 to +l. 
A more important consideration is the sensitivity of the 
heteronuclear tickling experiment, 1H{X}. In Fig . 3.35 
the line-shapes of the observed 1H transition for the 
tickling experiments 1H{X } (X = 1H, 13c, 15 N) are 
reproduced for constant h = the full linewidth of the 
1'S 
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unp e rturb ed line and 6 is varied from -1 to +l. The far 
0 
lager range of offset values for which a splitting is 
observed for homonuclear tickling is apparent, as is the 
very small offset range fn which a splitting is apparent 
for both 13 c and 15 N tickling. 
Although the 1H{ 15 N} tickling experiment is more 
sensitive to the offset parameter 6 than the 1H{ 1H} 
0 
tickling experiment, in practice this is not an advantage 
b th f lSN f . b t t· l ecause e range o requenc1es a ou a par ,cu ar 
15
N transition which will produce an observable split of a 
conne cte d 1H transition is very small, often less than 
0 3 Hz . It was often found that for dilute solutions, 
1H{15 N} tickling was particularly difficult. The level 
of rf power, H2 and the sensitive frequency range were 
critical and often unique for each sample . 
(ii) Tickling experiments and 15 N frequency 
determination. 
Of the three spin systems into which the pyrimidines 
can be classed, the ABMX is the most convenient to use for 
the de termi nation of the relative signs of coupling 
constants by spin tickling . Inspection of Table 3.4 
ABMX 
1 ol ol d. ol. 
Fig. 3.36. The energy level diagram for the ABMX 
spin system. 
which contains analytical expressions for the frequencies 
of the forty ABMX transitions will show that the followin g 
operations wi 11 have no effect on the overall pattern of 
observed spectrum: 
1. Change of sign of JAB 
2 . Change of sign of J MX 
3. Change of sign of J AX + J BX 
4. Change of sign of J AM + J BM. 
There are sixteen possible combinations of signs of 
coupling constants in the general ABMX case but this 
reduces to eight in this case because J AX and J BX were 
shown to be of opposite sign . In this discussion the 
sign of the ortho couplings J AM and JBM will be taken to 
be positive . Hence it is necessary to determine the 
signs of the three couplings JAX' J MX' and J AB relative 
to J AM ' 
To facilitate discussion, transitions will be labelled 
M 3 , A 5 , X 2 etc . and exp e r i mental l i n e numbers , numbered 
from the lowest for each multiplet abl2, ab3, m5, x4 . 
The energy level diagram for the ABMX spin system is 
depicted in Fig.3 . 36. In Fig . 3 . 36a a portion of that 
diagram is reproduced with experimental line numbers 
assigned to each transition for an arbitrary choice of 
signs . If line m7 is tickled, lines ab15 and ab9 will be 
split regressively and lines abll and ab4 progressively. 
1 
10 
12 ........____13 
Fig. 3 .. 36a. A portion of the ABMX energy level diagram 
with experimental line numbers assigned to each transition. 
5 
However, if the sign of J MX is reversed, it can be seen 
from the exp r essions for Ml and M2 in Table 3. 4 that the 
assignment of lines is reversed, m7 is now M2 and m8 is 
now Ml. The change of sign of J MX causes x3 to be 
assigned to X2 and x7 to Xl In fact the four MX sub-
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spectra l quadrilaterals 1n the ABMX energy level diagram 
have the assignment of M lines and X lines swapped within 
each sub-energy level system, when JMX changes sign. Now, 
if m7 is tickled, lines ab3 and ablO are split regressively 
and lines abl and ab5 progressively . Using this process 
of swapping the sides of all energy level quadrilaterals, 
labelled by the subscript of the coupling constant which 
changes sign, energy level diagrams can be constructed for 
each of the eight possible sign combinations. However, 
an equivalent and perhaps simpler method is to assign each 
of the lines in the experimental spectrum to a particular 
transition and to list the spin state of each nucleus not 
involved in the transition, i . e . for an A transition the 
spin states of the B, M, and X nuclei . The listing of 
spin states for first order spectra or for spectral 
systems for which analytical expressions are available for 
each transition is straightforward but for more comple x 
systems a slight modification of LAOCOON 3 will enable the 
basis spin states of the two energy levels associated with 
transition to be printed beside the calculated frequency . 
Transitions which have energy levels in common are those 
which hdve the same spin states for the two nuclei not 
involved in either of the two transitions, i.e . , an M 
and X transition will have an energy level in common if 
the spin states of the A and B nuclei of each transition 
are the same . For example, lines x3 and m7 in Fig . 3.36a 
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hav e spin states A( a) ,B(a). Change of sign of a coupling 
constant causes each pair of lines which result from 
splitting by this coupling to swap spin labels for the 
nucleus not involved in the transition but involved in the 
coupling . That is for the M lines ml (A(a),B(a),X(a)) 
and m2 (A(a),B(a),X(S)) the spin state of the X nucleus 
changes for each line when the sign of J MX changes sign 
to give ml (A(a),B(a),X(S)) and m2 (A(a) ,B (a),X(a)). 
This procedure is identical to interchanging the lines 
associated with opposite sides of the J MX sub-spectral 
quadrilaterals. 
The tickling experiments performed on the disulphide 
(8) in DMSO-d 6 will be described to illustrate the above 
considerations. In a typical experiment, the 15 N 
resonance frequency is determined approximately by a 
partial decoupling technique, M{X}. By adJusting the 
rf power, H2 , a symmetrical partially decoupled M 
spectrum can be obtained when the frequency of H2 is 
at the resonance frequency of the 15 N nucleus . At much 
reduced power, the individual lines in the nitrogen 
spectrum are scanned for, M{X}. The observation of 
regressive and pr.ogress1ve splitting in the experimental 
lines ml, m2 can only be achieved by tickling one of two 
lines in the 15 N spectrum, i . e . the other half of the 
particular MX sub-spectrum 1n the ABMX energy level 
diagram . Each of the 15 N lines arises from a transition 
between two unmixed basis states of the ABMX spin system 
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and therefore has a relative intensity of one This type 
of transition is the most intense in the 15 N spectrum and 
therefore gives the maximum splitting of a regressive 
doublet for constant H2 and w2 , (h is proportional to rs 
the square root of the intensity of the transition rs in 
th e non-tickled spectrum) The two 15 N lines are 
separated by th~ coupling JMX Four lines in the AB 
spectrum are connected to each of these 15 N transitions 
and in the case of the disulphide the connected lines, 
for each combination of signs of the three coupling 
constants, J AX' JMX' J AB' are summarised in Table 3 . 5 . 
The relative sign of JAX is determined by the position 
of the 
15
N line which causes regressive and progressive 
splitting of ml and m2 If the line is up frequency 
from the nitrogen chemical shift ox, then J AX < 0 . The 
rela tive signs of the other two coupling constants are 
determi ned by the pattern of tickled lines in the AB 
spectrum and the posi t ion of the 15 N line (i . e . whether 
th e line is x9 or xll, or x2 or x4) . Generally it was 
found t hat the type of splitting of each M line was not 
Table 3 . 5 . Connected 11nes for heteronuclear and 
homonuclear tickling experiments on the disulphide ( 8) . 
Line Numbers 
J AX J MX J AB X M AB ab {ml } 
(a) + + + 2 1 , 2 1,4,5 ,1 1 1,5,3,10 
4 1 , 2 3,9,10,15 
( b) + + 2 1 , 2 6,12,13,16 2,6,8,13 
4 1 , 2 1,7,8,11 
( C) + + 2 1, 2 3,9,10,15 4,9,11, 15 
4 1, 2 1,4,5,11 
( d) + 2 1 , 2 6,12,13,16 7,12,14,16 
4 1 , 2 2,7,8,14 
( e ) + + 9 1, 2 1,4,5,11 4,9,11,15 
11 1 , 2 3,9,10,15 
( f) + 9 1 , 2 2,7,8,14 7,12,14,16 
11 1, 2 6,12,13,16 
( g) + 9 1 , 2 3,9,10,15 1,3,5,10 
11 1 , 2 1,4,5,11 
( h ) 9 1 , 2 6,12,13,16 2,6,8,13 
11 1 , 2 2,7,8,14 
a 
b - 0·2 - 0·1 O·O +0·1 +0·2 Hz 
.,.) 
N 
Fi g . 3 . 37 . a. The M proton resonance of (8) in DMSO-d 6 
re corded under conditions of 15 N decoupling at the 
ni t rogen resonance frequency and Hz increasing from left 
to right. b. The sa me resonance recorded at const ant 
H2 for a series of heteronuclea r irradiating freq uenc i es 
near vN. 
a 
I I I ~I I I 
A 8888 SaaS CLCLCLCL 
B a8a8 aSSa a8a8 
b 
(i) (ii) 
A CL CL Sa aS 8 8 A CL CL Sa aS 8 8 
B a a a8 Sa 8 8 B CL CL aS Sa 8 8 
Fig.3 . 38. a. The calculated 15N spectrum of ( 8) in DMSO-d 6 . 
b. The 1H-NMR spectra of the M proton obtained when the 15N 
spectru m is tickled 6.1 Hz upfield (i) and 6.1 Hz downfield 
( ii) fro m the 15 N resonance frequency. The spin states are 
those corresponding to the case (g) combination of signs of 
coupling ~onstants in Table 3.5. 
very different and hence i t was difficu1t to distinguish 
regressive and progressive transitions . 
The 
15
N frequency of the disu1phide was determined 
roughly by an !NOOR technique , using the M spectrum. The 
observation frequency was set in the mid-point of the two 
larg e r l ine s of the M spectrum and the nitrogen frequency 
adJ usted for maximum intensity of the recorder pen . In 
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Fig . 3. 37 the M spectrum was recorded for a series of power 
leve1s, H2 • at the 15 N frequency and for a series of 
frequencies near vN at constant H2 • Variation of w2 by 
as little as 0.1 Hz caused appreciable asymmetry in the 
partial l y decoupled M spectrum . The two nitrogen lines 
which, when tickled, cause splitting of the lines ml and 
m2 were found at +4 . 8 Hz and +6.1 Hz from the 15 N 
frequency, vN. Hence the sign of J AX is < 0. 
lines corresponding to the lines m7 and m8 were found at 
- 4. 8 Hz an d -6 . 1 Hz f r om vN. Because the 15 N spectrum 
is symmetrically disposed about vN the exact 15 N frequency 
can be determined from the frequencies of the 15 N lines 
determined in the tickling experiments . In the computed 
spectrum the 15 N lines of unit relative intensity were 
calculated to be at ±6 . 2 and ±4 . 8 Hz from vN. The M 
spectrum obtained when the 15 N spectrum is tickled at 
+6 . 1 (x 2) and -6 . 1 Hz ( xll) from vN.is depicted in Fig.3.38 . 
The calculated 15 N spectrum with the spin states of the 
A, Band M nuclei associated with each X line is included 
l 
l 
I 
l l I 
Fig. 3.39. The 1H-NMR spectrum of (8) in DMSO-d 6 , 
obtained when the 15 N line 4.8 Hz up frequency 
fro m the nitrogen resonance frequency is tickled. 
The affected lines are indicated with arrows. 
in Fig . 3. 38 To determine the relative signs of the 
othe r two coupling constants, the 15 N spectrum was 
tickled at +4 . 8 Hz from vN (x9) and the AB and M spectra 
were recorded. The two M lines affected wi ll be ml and 
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m2 but there are four possibil i ties for the four ab lines 
which wil l be sp l it when x9 is tickled, i . e . cases 
e, f, g and h of Table 3 . 5 . In Fig , 3.39 the AB and M 
spectra obtained when the 15 N spectrum was tickled at 
vN + 4 . 8 Hz is reproduced . Clearly ab15 is split 
regressively and the other three lines although not as 
clearly affected are seen to be ab3 ap9 and ablO . The 
othe r regressive splitting, ablO partly overlaps with 
abll, and the two progressively split lines, ab3 and 
ab9 are noticeably broad . t This uniquely determines 
the relative signs of the two couplings, J MX < 0 and 
J AB 0, case (g) of Table 3 5 . 
When AB {X} tickling proved difficult, the sign of 
J AX was determined by a M{X} tickling experiment as 
described above and the signs of the other two coupling 
constants by a homonuclear tickling experiment, AB{M }. 
This method is illust ated using the disulphide and the 
four combinations of AB lines which could be affected by 
tTickling proved very sensitive to the irradiation 
offset and the rf power level and quite often Overhauser 
effects were observed for some of the AB lines . 
C d 
m1 ms 
b a 
\ I 
X BB Ba. B Bcd3a.Ba.a. Ba.a.a. X B 
a. 
A --- a.a. - BBa.a. - BB --- A a. 
B 
B a.Ba. -- B---- a. -- Ba.B B a. 
B 
Fig. 3.40. a. The calculated M proton spectrum of (8) in 
DMSO-d
6
, b, c and d, the AB spectrum obtained under 
conditions of no tickling, tickling of ml and tickling of 
m8 respectively. The spin states are those corresponding 
to the combination of signs of coupling constants of 
case (g) in Table 3.5. 
a b 
C d 
Fig. 3.41. The spectrum of the M proton of (14) obtained 
while tickling, a -5.1, b -6.0, c +5.1, d +6.0 Hz from 
the 15 N resonance frequency. The solvent is acetone-d 6 . 
tickling ml are listed in Table 3 . 5 . In Fig . 3.40 the 
calculated M spectrum ,s reproduced with each line 
labelled with the spin states of the A, B, and X nuclei 
The spin states are those for the case (g) combination 
of signs of the th ree coupling constants. In the same 
Figure the AB spectrum ,s reproduced under conditions of 
no tick ling , tickling of ml and tickling of m8 . In the 
ml tickled spectrum, the split A lines will have spin 
states B(a),X(S) and the split B lines will have spin 
states A(a),X( S), because the spin states for the 
transit i on which corresponds to ml is A(a)B(a)X(S) . 
Thus in Fig . 3 . 40 regressive splitting is observed for 
abl and ab5 and progressive broadening for ab3 and ablO . 
Tickling of m8, A(S)B(S)X(a) causes regressive splitting 
of abl2, A(a)X( S) and abl6, B(a)X(S) and progressive 
broadening of ab7, A( a)X(S) and ab14, B(a)X(S) . These 
experiments confirm the previous results obtained from 
the heteronuclear tickling experiment . 
A prief descr iption of the tickling and 15 N chemica l 
shift determination of a representative sample of 
structurally different 2-substituted pyrimidines follows . 
(a) 2-Methylthiopyrimidine- 15 N1 (14) in acetone-d 6 • 
Fig . 3.41 displays the four M spectra obtained by 
tickling at v N ± 5 . 1 and ± 6 . 0 Hz . The approximate 
chemi ca 1 shift was de te rmi n e d by partial decoupling of 
the 15N and observing the M spectrum. The most 
symmetrical collapse still retained the asymmetry shown 
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A 
M 
B 
e 
a.cw.a.l3a.cd313131313 
a. a. 13 13 a. a.13 13 a. a.13 13 
13 a.13 a.a.1313 a. Sa.13 a. 
A 
M 
d B 
a 
d f 
- - - !3!3 - a.a.1313 - a.a. - - -
1313a.1313a.1313a.a.13a.a.13a.a. 
Sa.13 - - a. - - - - 13 - - a.Sa. 
g 
b A 1313130.a.Sa.a. 
B 1313a.SSa.a.a. 
CI 
r 
Fig.3.42. a. The calculated 15 N spectrum, b. the experimental 
AB spectrum and c. the exp e rimental M spectrum of (17) in 
o
2
o;oo-. The AB and M spectra obtained when each of four 
lines in t he 15 N spectrum is tickled are labelled d, e, f 
and g. The corresponding 15 N lines are labelled with the 
appropri a te letter . AB spectra were recorded at three 
values of Hz , ( Hz increases up the page). 
b 
Fig. 3.43. The 1H-NMR spectra of the M resonance of (9) in 
DMSO-d
6 
obtained under conditions of 
15
N tickling: 
a, -2.73 Hz and b, +2.73 Hz from the nitrogen resonance 
frequency. 
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in the outer M doublets The calculated 15 N line 
frequencies were ± 5 0 and ±6 . 3 Hz . 
(b) Pyrimid1n -2-(1H)-th1one- 15 N1 (17) in o2o;oo-. 
The M spectra recorded while tickling each of the four 
15
N transitions between unmixed basis states is given in 
Fig 3 . 42 . Th e four corresponding AB spectra are 
reproduc ed also . However, each of two of the 15 N lines 
being tickled is less than 0 . 4 Hz from another line. 
The tickling pattern observed for irradiation of each of 
these two transitions are complicated by splitting caused 
by tickling these nearby lines in the 15 N spectrum and in 
the AB spectra the effects of tickling the unwanted lines 
are also apparent . The non-tickled AB and M spectra are 
reproduced in Fig . 3 . 42 together with the calculated 15 N 
spectrum, and each line is labelled with the spin states 
of the appropriate nuclei for the sign combination of 
coupling constants, J AX < 0, JMX < 0, and J AB > 0 . It 
is clea r from these spectra that this is the correct 
sign combination for this molecule in acetone-d 6 . 
(c) Pyrimidin-2(1H)-one- 15 N1 hydrochloride (9) in 
DMS0-d 6 . 
The M spectra recorded while irradiating± 2.8 Hz 
from vN are given in Fig . 3.43 . The calculated 
frequencies for these lines were± 3.1 Hz. The AB 
spectrum was poorly resolved and no noticeable splittings 
were apparent under condition s of heteronuclear tickling. 
1 2 
i 6 
a 
·1,V,;JI\ I~ 
X 888a88a8aa8aaSaa 
A --- aa - 88a- a8 - 8--
B a8a-- 8--- a -- 8- a8 
4 
7 8 
C 
j/V\_ bw 
l \ 11\\ II 
X 8a88aa8a 
A aa8aa888 
B aaa88a88 
Fig. 3.44. a. The experim-ental AB and calculated M spectra of 
(16) in DMS0-d 6 . b. The M spectra obtained when the 
15
N 
spectrum is tickled +6.0 Hz and c. -6.0 Hz from vN. The 
eight AB spectra obtained when each of the M lines was 
tickled are labelled with the number of the tickled M line. 
Spin state labels for each line are for the sign combination, 
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AB{M} t1ckl1ng revealed that m8 was connected to abl6 
as expected for the signs of the three coupling constants 
found above . 
(d) l-Methylpyr1midin-2-thione-3- 15 N1 ( 16) in DMSO-d 6 
Heteronuclear t1ckl1ng experiments, M{X} , found two 
ines ± 6 . 0 Hz fr om vN' (ca l cu l ated va l ues ± 6.3 Hz) . 
The M spectra a r e reproduced in Fig . 3 44 These 
experiments confirm that J AX 0 . In the same Figure, 
the eight AB{M } tickled spectra are recorded with the 
calculated AB and M spectra labelled with pe appropriate 
spin labels for the combination of signs of the three 
coupling constants found previously . It is clear from 
these spectra that the coupling constants have the same 
signs as found for the other pyrimidines . 
No tickling experiments were performed on the C-Me 
substituted pyrimidines It was assumed that methyl 
substitution would not reverse any of the signs of the 
coupling constants . The sign of the 15 N-Me couplings 
remained indeterminate due to no measurable coupling 
between the methyl groups and the ring protons . 
Observable couplings would be necessary to determine the 
sign of 15 N-Me coupling constant by spin tickling . The 
15
N frequency of these compounds was determined by 
partial decoupling of the 15 N and observing either an 
15
N coupled ring proton or an 15 N coupled methyl group, 
whichever was better resolved. 
13 c SPECTRA 
The natural abundance 13 c spectra of some of the 
15
N-labelled py rimi dine s were ob tain ed using a pulsed 
Fourier technique with proton noise decoup ling . The 
solutions on which the measurements were ma de were no t 
concentrated and often ma ny tens of thousan ds of scans 
were require d to obtain a spectrum . The 13 c spectrum 
of an 
15
N-labelled hete rocycl e obta in ed under conditions 
of proton noise decoupling should show simple doublets 
for 
13
c nuclei coupled to the 15 N nucleus and the 
splitting of the doublet would equa l J CN " 
(a) Di(pyrimidin-2-yl- 15 N1)disulphide (8) in DMSO-d 6 
Only two peaks attributable to this compound were 
observed in the 13c spectrum of (8) in DMSO-d 6 , using 
benzene as an internal standard . The 13c spectrum was 
scanned for more than 160 p. p m downfield f rom the 
internal benzene signal without finding the missing pea k 
On the basis of the shifts of the other two peaks from 
benzene, the missing peak must be that from C-2 The 
upfield t (+ 9 . 2 p. p , m. ) peak showed a coupling of 
3 . 0 ± 0 . 5 Hz (C-5) and the downfield (-30 . 2 p . p . m.) pea k 
was a triplet formed by a doublet with a coupling of 
t 
The terms upfield and downf i eld in this discussion will 
refer to shifts relative to the internal benzene standard 
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a b C 
0 I 
Fig. 3.45. The 13 c spectrum of (8) in DMSO-d 6 recorded 
under conditions of proton noise decoupling: a. C-4(6), 
b. benzene, c. C-5, (1 division= 1 p.p.m.). 
4 . 0 Hz superimposed on a singlet . On the basis of the 
13
c couplings to 15 N in pyridine- 15 N (a , O 45; s, 2 . 5; 
y, 3.7 Hz), the downfield doublet can be assigned to C-6 
(y to 15 N), the superimposed broad singlet to C-4 
(a to 15 N) and the upfield doublet to C-5 (S to 15 N) . 
The values measured for the chemical shifts of the 
carbons of this compound are similar to those obtained 
by Jones et al. (1970) for some pyrimidine nucleosides 
The expan ded spectrum at 30 Hz/cm . is reproduced in 
Fig.3 . 45 . 
(b) 2-Chloropyrimidine- 15 N1 (19) in CDC1 3. 
The spectrum of this compound in CDC1 3 did not show a 
C-2 peak . Two C peaks were observed, at+ 8 . 4 and 
- 31 . 3 p . p. m. and assigned to C-5 and C-4,6 respecti e l y 
The spectrum was not examined further because of the low 
concentration of the so l ution . 
(c) Pyrimidin-2-(1H)-thione- 15 N1 (11) in DMSO-d6 
Two peaks at -26 6 and +19 4 p.p m relative to 
internal benzene were observed When the spectrum was 
expanded to 50 Hz/cm . 15 N couplings were not resolved 
and because the solution was extremely di lute the 
problem was not investigated further . 
(d) 4,6-Dimethylpyrimidin-2-(1H)- 15 N1 hydrochloride 
(32) in DCl. 
The spectrum of this compound in DCl was recorded 
with internal benzene as standard and peaks which could 
be assigned to all carbons except C-5 were observed . 
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(i) 
(ii) 
ab C 
I I 
Fig. 3.46. (i) The 13c spectrum of (32) in DCl 
recorded under conditions of proton noise decoupling: 
d 
a. C-2, b. C-4(6), c. benzene, d. Me-4(6), ( l division 
= 10 p. p. m.). (ii) The expanded spectrum of the 
C-4(6) resonance (40 Hz/cm.). 
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The spectra are reproduced in Fig.3.46 . The chemical 
shifts of the three different types of carbon were -61 . 4, 
-58,4 and +104 . 4 p . p. m. with respect to internal benzene 
The upfield resonance was a very broad triplet and on the 
basis of its chemical shift can be assigned to the two 
methyl groups at C-4 and C-6 . Unfortunately the methyl 
carbon resonance was broad and the outer lines of the 
triplet were 45 Hz apart which suggests that the methyl 
protons were not totally decoupled . A spectrum obtained 
with the centre of the 1H decoupling band closer to the 
methyl 
1
H resonance sharpened the signal but no splittings 
were observabl e at 100 Hz/cm . The most downfield signa l 
at -61.4 p . p . m. can be assigned to C-2 on the basis of 
its ch emical shift and coupling constant to 15 N of 12 Hz 
Th e 
15
N-
13
c coup ling constants in pyridine hydrochloride 
are: , 12 O; S, 2.1; f , 5.3 Hz. A 40 Hz/cm. e xp ansion of 
the C-4,C-6 resonance revealed that it was composed of 
two doublets with coupling constants of 10.5 and 1. 5 Hz . 
On the basis of the results for pyridine hydrochloride 
the larger coupling can be assigned to C-4 (a to 15 N) 
and the 1. 5 Hz coupling to C-6 . The large downfield 
shift of these carbons is consistent with downfield shifts 
observed for the ring carbons of some pyrimidine 
nucleosides when they are substituted with a methyl 
group, Jones et al . (1970) . A thorough search was made 
for the C-5 resonance which would be expected to be 
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30 p.p . m. upfield from the benzene signa1, but no signal 
was apparent for a range of pulse widths. An alternative 
explanation would be to assign the most downfield signal 
(-61 . 4) to C-5 and explain the absence of a C-2 signal 
by the fact that carbonyl type carbon atoms have greater 
longitudinal relaxation t imes T 1 than non-quaternary 
ca r bon atoms. Also the absence of 13 c- 1H coupling and 
therefore of the nuclear 0verhauser effect will cause 
this type of carbon resonance to be of low intensity. 
A small broad peak was observed at -108 . 2 p.p . m. from 
be n7 1e but s mall amo un of cs 2 had been added to the 
s mple and this s hif would be reasonable for this 
carbon s pe cies . 
Although more measurements are necessary to confirm 
some of the assignments made for 15 N- 13c coupling 
co nst ants in these compounds the values obtained in this 
study indicate that like 15 N- 1H coupli ng constants these 
parameters will be of interest structurally and 
theoretically and are good reason for further 15 N 
studies of enriched heterocycles. 
RESULTS 
The values obtained for cou pling constants and 15N 
' 
and lH chemi cal shifts are given i n the foll owing Tables: 
Table Spin Sys tern Data 
3 6 ABMX oH, J HH 
3 7 ABMX 
o N ' J NH 
3 . 8 AMX o H' J HH 
3 9 AMX oN' J NH 
3. 10 AX oH, J HH 
3 11 AX 
o N ' J NH 
3. 12 ABMX, AX cc, J CN 
STRUCTURAL IMPLICATIONS 
The most pra ctic al value of type (b) isotopic 
subst1tut1on arises from the ability of the i sotopic NMR 
parameters to be useful i n structura l considerations of 
a molecule . Mono- 15 N-1abelled pyr imi dines were 
synthesized to relate 15 N chemical shifts and coupling 
const ants to structural features of these molecules . An 
unlabelled 2-substituted pyrimidine displays real or 
time averaged symmetry due to prototropic tautomerism 
and mono-labelled material must be synthesized in order 
to re duce that symmetry so that assignment of 15 N 
parameters can be made unequivocally . The resulting 
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13c 
Ta ble 3 6 l H Spectral parameters of 15 N-lctb elled 
PY imidines which contain no C-Me group . 
t 
Comp- Solv Cone 6A oB 6M J AB(Hz) J AM ( Hz) J BM(Hz) ound 
-ent 
( 8) DM S0-d 6 100 8 73 8 73 7 38 2 . 55 ± 02 4 . 76 ±. 02 4 . 76 ±. 02 
( l 0) DCl (40%) 40 8 73 8.73 7 34 2 18:t . 02 6 . 00 ±. 03 6 . 00 ±. 03 
( 11 ) DMSO-d 6 40 8 27 8 27 6 . 83 2 52± 02 5 . 31 ±. 01 5 . 31 ±. 01 
( 12) D20J0D 60 8 . 31 8 . 31 6.17 2 . 71±.01 5 . 31 ±. 01 5 . 31 ±. 01 
(3M) 
( 14) CC1 4 60 8.41 8 41 6 . 85 2 . 58 :t. 02 4 82 ± 03 4 . 82 ±. 03 
( 14) (CD 3 )CO 60 8 51 8 51 7 . 06 2 . 51± . 03 4 80± , 05 4 . 80 ±, 05 
( 15 ) DMS0-d 6 30 8 . 81 9 . 09 6 . 94 2 40 ±. 0 5 . 99± . 01 6 . 1 l::t 0 1 
(16) DMS0-d 6 50 8 51 8 50 6.90 2 , 28± 01 4 26 ±. 01 6.52 ±. 01 
( 9 ) DMSO-d 6 85 8 . 81 8 . 81 6 88 2.72 ±. 01 5 . 75±.01 5 . 75 ±. 01 
( 17) DMS0-d 6 35 8 . 23 8 . 23 6 35 2 . 79 ±. 03 5 . 14±. 03 5.14 ±.0 3 
(18) D20;0 D- 25 8 . 41 8 . 41 6 .75 2 . 90± . 02 4 . 69 ±. 01 4 . 69 ±. 01 (3M) 
( 19 ) CDC1 3 50 8 . 61 8 . 61 7 25 2.65 :r. 02 4 . 81 ±. 02 4 . 81± . 02 
(19) (CD 3 )C0 50 8 76 8 . 76 7 . 55 2 65 :t. 02 4 . 81 ±. 02 4 81 ±. 02 
tconcentration i S given in mg/ml . The error 
quoted with each coupling constant is the 
probable error obtained from the computer output. 
Table 3. 7. 5N Spectral parameters of 15 N-lab elled 
pyrimidines which contain no C-Me group . 
(8) 
( 10) 
( 11) 
( 12) 
( 14) 
(14) 
( 15 ) 
( 16) 
( 9) 
( 17) 
( 18) 
( 19) 
( 19) 
Solvent J AX(Hz) J MX(Hz) J BX(Hz) R. M, S. 
Error 
0MS0 - d6 - 11. 32 ±. 03 -1 41 ± 03 0 . 31 ± 03 . 04 
0Cl 
- 2. 89 ±. 05 
-3 . 98± . 03 0 . 83 ±. 05 
. 05 
0MS0-d 6 - 7.13 ±.03 -2 . 30± . 02 0 . 68 ±. 03 . 03 
020/00 
-10 . 00 ±. 01 
-1.04± , 01 0 . 40 ±. 02 . 02 
CC1 4 -11.04 ±. 04 -1.02± . 03 0 79 -, 04 . 05 
(C0 3 ) 2co -11.23 ±. 04 - 1.30± . 03 0 . 43± . 04 . 05 
0MS0-d 6 - 3 . 81 ±. 01 -3 . 60 ±. 01 0 . 51± 01 . 01 
0MSO-d 6 -12 . 05 ±. 02 - 1.1 0±. 01 0.52 ±. 02 . 02 
0MSO-d6 - 3 . 25± . 02 -3 .70± . 01 0 . 75± . 02 . 02 
0MS0-d 6 - 6 , 94 ±. 03 -2 50 .t. 02 0 38 ± 03 . 04 
020/00 - 9 . 80 ±, 03 
-1.60 ±. 02 0 . 60 ± 03 . 04 
C0C1 3 -11 43 ±. 03 -1 . 40 ±. 0 2 0 . 86 ± 04 . 05 
(C0 3 )2CO -11 43 ±. 03 - 1. 40 ±. 02 0 .86 ±. 04 
The R. M. S. error is that computed between the 
experimental and calculated line positions . 
The Lines assigned is the number of experimental 
lines used in the final it erative analysis . 
Lines 
Assi-
gned 
16 
16 
8 
16 
12 
12 
16 
16 
16 
12 
14 
10 
Ta bl e 3.7 tont1nue d 
Solvent 
(8) DMSO-d 6 
(10) DCl 
(11) DMSO-d 6 
(12) 020/00 
(14) CC1 4 
(14) (CD 3 ) 2co 
( 15) DMSO-d 6 
( 16) DMSO-d 6 
(9) DMSO-d 6 
(17) DMSO-d 6 
(18) 020/00 
(19) CDC1 3 
(19) (CD 3 )2co 
10135806 . 5 
10134944. 4 
10135423. 7 
10135788.1 
10135815 . 9 
10135805.8 
10134819 . 8 
101360 67 .1 
10134806.7 
10135181 . 7 
10135435.2 
10135886 . 3 
10135886.8 
264 . 6 
179.5 
226.8 
262 . 8 
265 . 5 
264 . 5 
167 . 2 
290.3 
165.9 
202 . 9 
227.0 
272.5 
272 . 5 
Chemical shifts are calculated with respect to 
15N f . resonance requenc,es ( :: ) 
are relative to the TMS proton frequency at 100,000,000 
Hz. Solute concentrations are the same as those given 
in Table 3 . 6 . 
Table 3 . 8 1H Spectra l parameters of 15 N-l abe ll ed 
pyrimidines which contain one C-Me group 
Compound Sol ent Conct oA(B) 
(22) 020/ 00 Sat . 7 74 
( 3M) 
(24) C0C 13 40 8 37 
(24) 0MS0-d 6 50 8 54 
(26) 
(27) 
( 2 8) 
29) 
(29) 
( 31) 
( 31) 
0Cl (40 %) 100 8 25 
0MS0-d 6 60 8.27 
0Cl (·40 %) 150 8 . 65 
0MS0-d 6 60 8 . 0 7 
60 8 07 
0MSO-d 6 Sat. 
TFA 100 
6 . 42 
6 . 84 
7 . 23 
6 50 
7 . 08 
6 . 81 
7 . 02 
6 . 27 
6 . 42 
3 . 90 
2 31 
2 44 
2 . 42 
2 . 14 
1. 87 
4 . 08 
2 . 32 
3 . 91 
2 . 78 
2 . 29 
2 26 
J AM (Hz) 
5 . 5:r . 3 
5 . 5±. 2 
5 . 5±. 2 
5 . 2± . 2 
7 . 25±.1 
4 . 50 ±. 1 
6 . 40 ±. 1 
6 0 5±. 1 
5 . h . l 
0NH 
11. 00 
9 . 82 
t Concentration is given in mg/ml . Fo r (26) and (27) 
the downf1eld Me resonance i s attributed to the N-Me 
group , 
Table 3 . 9 15 parameters of 15N-1abelle d N Spectral 
pyri midines which contain one C-Me group . 
Compound Solvent 2 ( Hz ) 3 ( Hz ) ::( 15N)(Hz) J AX J MX 
(22) 
(24) 
(2 4) 
( 25) 
( 2 6) 
( 2 7) 
( 2 8 ) 
( 29) 
(2 9) 
o2 0/ OD 9 . 5± 5 
(3M) 
CDC1 3 11. 0±. 1 
3 , 0-, 5 
DMSO-d 6 11. 0± 2 
NH 2NH 2 10 . 6±.2 
3 , 0±. 2 
DCl ( 40 %) 2 . 50 ±. 1 4 . 0±. 1 
DMSO-d 6 12 . 0±. 1 
DC1 (40%) 2 . 45 ±. 05 3 . 9±. 05 
t 0 . 60 ±. 05 2 . 6±. 1 
DMSO-d 6 6 . 75 ±. l 
10 . 0±. l 
2 . 25 ± 1 
2 . 7±. l 
1 5±. 1 
2 . 7 ±. 1 
J NH (Hz) 
(31) DMSO-d 6 90.0 ±. 4 
(31) TFA 92 . 0± 4 
10135711.7 
10135716 . 8 
10134876 . 9 
10135975 . 3 
10134641.1 
10135009 . 3 
10135321.3 
oN 
(p . p . m. ) 
255 2 
255 . 8 
172 . 9 
2 81. 3 
149 . 6 
185 . 9 
216 . 7 
The second entry under 3J MX i s the 15 N coupling constant 
to the a C-Me group . Solute concentrations are the same 
as those given in Table 3. 8 . t 
Table 3 . 10 1H Spectral parameters of 15 N-lab el l ed 
Compound 
(32) 
(32) 
( 3 3) 
( 3 3) 
(35) 
( 3 5 ) 
(36) 
( 36) 
( 37) 
(38) 
(3 9) 
(40) 
(40) 
py r mi dines which contain two C-Me groups . 
So l vent 
0MSO-d 6 
OC l (40%) 
OMSO-d 6 
020 / 00 
3M) 
OMSO-d 6 
COC1 3 
OMSO-d 6 
OCl ( 40 %) 
OMSO-d 6 
OC l 
OC l (40%) 
OMSO-d 6 
020/00 
(3M) 
Conc . t 
30 
30 
80 
80 
30 
30 
100 
100 
90 
100 
65 
80 
50 
0 C-Me 
2 . 53 
2 . 67 
2 . 31 
2 . 27 
2. 53 
2 38 
2 63 
2 0 79 
2 . 68 
2 . 22 
2 . 43 
2 . 75 
2 . 70 
2 . 12 
2 . 21 
0 N-Me 
3 . 93 
3 . 99 
3 . 84 
oM 
7 . 11 
7.05 
6 . 65 
6 . 66 
7.09 
6 . 72 
7 . 09 
7 . 13 
6 . 71 
7 . 36 
6 . 87 
6 . 16 
6 , 36 
t Concentration i s given in mg/ml . In molecul es in 
which the two C-Me groups are non-equivalent the chemical 
shift of each Me group is gi en . 
Table 3 1 1 15 N Sp ec t al parameters of 15N-labelled 
pyrimi din es wh ich contain two C-Me groups . 
Co mpound So l ent 3 J MX ( Hz) 3 J MeX(Hz) ::( 15 N)(Hz) 
(32) DMSO-d 6 3 , 05 :t 1 10 134 96 1. 9 
(32) DCl (40%) 3 5 0 ±. 1 3 0 ± 1 10134 888 . 6 
(33) DMSO-d 6 1. 50 ± 1 
(35) DMSO-d 6 10135 719 . 8 
( 36) DMSO-d 6 2 80 :t . 2 
(3 6) DCl ( 40 %) 3. 00 ±. 1 3 0 ±. 1 10134905 . 7 
( 3 7) DMSO-d 6 2 . 75 ±. l 10135928 . 7 
(38) DCl 2 . 25::r . 1 2 . 80 ± 1 1013951.7 
(39) DCl (40%) 3 75 ±. 05 2 . 75 ±. l 10134675 . 3 
(40) DMSO-d 6 1. 90 -.2 3 . 2 ±. 5 10135016 . 2 
( 40) D20/0D 2 . 75 ± 1 10135409 . 2 
(3M) 
Solute concentrations a e the same as those given 
in Tabl e 3 10 . 
oN 
(p . p. m.) 
181. 2 
174 . 0 
2 5 6 . 1 
175 . 7 
276 . 7 
180 . 2 
153.0 
186 . 6 
218 . 7 
Table 3 12 13 c Spectral parameters of 15 N-labelled 
pyr1m 1d1ne s 
Ca rbon Atom t 
Compound Solvent 2 4 5 6 
( 8) DMSO-d 6 JNC ~ 0 5 3 . 0 4 . 0 
cc -30.2 +9 . 2 -30 . 2 
( 19) CDC 1 3 J NC 
cc -31 . 3 +8 . 4 -31. 3 
( 11 ) DMSO-d 6 J NC 
cc -26 . 6 +19.4 -26 . 6 
( 3 2) DCI (40%) J NC 12.0 10.5 1.5 
cc -61. 4 -58 , 4 -58 . 4 
t 15N atom at pos,t,on-3 . The concentrations a re the 
same as those specified in previous Tables . Coupling 
constants are reported i n Hz and carbon chemical shifts, 
oc, i n p p m. from internal benzene . The chemical 
shift of the Me carbon atoms of (32) was + 104 4 p. P. m. 
(43) 
(46) 
OMe 
~N 
H N~O 
~ I 
1·8Ha Me 
( 4 7 ) 3· 5 Hz ( 4 8) 
H~COOMe 
':c=C~ 
MeOOC/ '---...NH(\> 
(49) 
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spin system will produ ce spectr of greater com plexity but 
t he se are mo r e easi l y analyzed t han the mo r e degene r at e 
symme tric sys t ems . 
The labe l ed py im1 dine s can be classif i e d unde 
three structu r al headingst: t he "aromatic" type ( 42 ), 
t he 1,2-dihyd ro-2 -o o or -thio typ e ( 43 ) an d th e correspond-
ing cation s ( 44 ) The t e rm a rom atic i s used he re to 
describe a py rimi di ne in wh ich a ll the ri ng atoms 
pa r t1c pate i n the f ormation of a s in gl e conJ ugated sy stem, 
in which all t he e l ect r ons orm a cl osed e l ec tron she ll . 
An e xcell en t r e view of the cri ter ia fo a r omat ic char acter 
has appeared r ecent l y (Jon es, 1968) The 15 N coup li ng 
constants 1n Ta bl e 3. 7 for the ABMX type of sp i n systems 
vary consi de r ab l y be tw een these three c l asses of compound 
but are very s imilar wit hin a class . Thi s s imil ari ty 
leads to AB spe ctral patte r ns which are highly cha r acter-
istic for a pa ticul a cla ss, fo r in stance the spect r um 
of the 2-me capto hyd r och l or ide (1 0 ) Fig , 3 - 10 and the 
spe ctr um of the 2-oxo hydrochlo ri de (9) Fig 3 17 ar e 
ve ry similar in appearance . Withi n a pa rtic ular cl ass 
t he r e are only s mall differen ces i n the th r ee types of 
15 N coup li ng constant whe r eas the 15 N chemica sh i ft 
appears to be more sens iti e to changes of substituent , 
t Except ba r bit uri c aci d- 15 N1. 
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Thus, although there i s an overa l a r iation of only 1. 4 Hz 
in the AX coupling constants of the aromatic compounds 
studied, t he 15 N chemical shifts vary o er a 10 p . p. m. 
rang e . The characte istic spectra l pat t e rn of each class 
is lost when the molecules of that class ar e substituted 
with one or more C-Me groups but the 15 N coupling constants 
a r e still hig hly characteristic of the structural type . 
The sensit ivity to the type of st r ucture of the hetero-
nuclear coupl i ng constants contrasts with the small 
variations in 1H- 1H coupling constants i n these mol ecules, 
Table 3. 6 For the ABMX spin systems, J AB which 
pr evious ly could be obtained only from 13 c satellite 
spe ct a ( Reddy, et al . , 1962), is not at all diagnostic 
of the rin g structu r e and the couplings J AM' J BM show a 
small but consistent variation with structure (4 . 8 Hz for 
ar omat ics (42), 5 . 3 Hz for type (43), and 6 Hz for the 
protonated species (44)) These typica l values are not 
always observed for other 2-substituted pyrimidines or 
for many di-su bst it uted pyrimidines so that 1H- 1H coupling 
constants ar e of l ittle diagnostic alue for assigning 
st r uctu re s to more comple x pyrimidines . 
The 1,2-dihydro structure (43) is, in solution, a 
tautomeric mixture of the two species (45) and (46) . 
The NMR parameters obtained from the spect r um of such a 
solut i on ar e averages because on the NMR time scale the 
species measured is an average of the two tautomeric forms, 
one 1n which the 15 N 1s s p 2 hybr1d1zed and the other in 
wh1 ch then ro gen hybr1dizat1on is sp 3 To obtain an 
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es ,mate of the couplings from each type of nitrogen atom, 
the N-Me analogues of the 2-pyrimidin-(lH)-thiones (47) 
were synthesized If tis assumed that the coupling 
constants 1nvolv1ng 15 N are not greatly modified by the 
N-Me group then a pre d 1 ct i on of the couplings for the 
species (46) i n which the labelled nitrogen is sp 3 
hydridized can be made 
St ucture JAX JMX J BX J AB JAM t oN(p p. m 
(43) 
-7 13 
-2 . 30 0 6 8 2.52 5 . 31 226 , 82 
( 4 7) 
-12 . 05 
- 1 10 0 . 52 2 . 28 5 39 290 . 31 
(46) 
- 2 . 21 
-3 50 0 . 84 2. 76 5 23 163 . 33 
2 3 
The J NH and J NH values predicted fo (46) compare 
* favourably with the two bond coupling of (48) , 1. 8 Hz and 
** the three bond coupling of 3 . 5 Hz ,n (49) . There is 
littl e 15 N chemical shift data with which to compare the 
calculated shift o the sp 3 nitrogen (46), but Lam bert 
et al report a value of 111 p. p m for acetanilide- 15 N
1 
in acetone (the chemical shift is r epor ted with respect 
to external anhyd ous ammonia and was con erted to the 
NH; scale by subt r acting 24 p. p . m. from the repor ed value) 
t * Ave age of J AM and J BM' Roberts et al. (1965); 
** Bose and Kugajevsky (1967) . 
~N 
N 
~LRH 
(50) 
~ . 
N 
I (s1a) 
®~Se 
'i4 
Me 
~ H 
~>R 
N (51c) 
l 
(51e) 
,. 
4>-CH==N-+ 
(51b) 
(51d) H 
1 
~N 
~J-Re 
N 
H 
(51f) 
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The small effect of the Me group on the 1H- 1H coupli ng 
constants can be seen from the similarity of J AB and J AM in 
the th r ee compounds, ( 4 3) , ( 4 7) ' and ( 46) . Th e 15N 
ch emical shift and 15N-1H coupling constants for the 1, 2-
dihydro structure (43) is good evidence for littl e if any 
contr ibution of the aromatic typ e of structure (50) to the 
overall structure of these mol ecules and confirms pre vio us 
conclusions obtained by U. V. methods concerning their 
structure (Boarlan d and Mc0 mi e, 1952: Albert and Barlin,1962 ) 
The liklihoo d of cont ri butions to the 1,2-dihydro 
st ructures from the zwitter i on (51) cannot be disregarded 
and an estimate of th i s contribution can be made on the 
bas is of 15 N chemical shifts . The chemical shift of the 
1-methyl-2-mercapto compound (16) is good evidence that the 
structure i s ( 16) and not the zwitterion (51a) because the 
zwitterion would be expected to have an aromatic type of 
15 N chemical shift of 260 p. p. m. or less (due to the 
pos itive charge on N-1) and the observed shift is similar 
to t ha t of benzaldehyde phenyl imi ne (51b), 298 p p . m. 
( He r bison -Evans and Richards, 1964) . Thus, it i s reasonable 
to con cl ude that cha rge separated for ms of the type (51a) 
do not contribute gr eatly to the structure of the fixed 
bond compound ( 16 ). 
Th e re pla cement of the N-Me by N-H would not be 
expected to al t er the contribution of charge separated 
str uc t ures to the resonance hybrid of either tautomer of 
the 1,2-dihydro com pounds . Unfortunately, the 15 N 
chemical shifts cannot be interpret ed unambiguously for 
these species . If 5,5-diethyl barb it uric acid ( 14 N 
shift, 124 p.p . m; Herbison-Evans and Richards, 1964) is 
tak en as a model compound for the tautomer (51c ) the 
chemical shift may be adjusted to that expected for 
thiobarbituric acid by the addition of 30 p. p . m. to the 
shift . This downfield shift is the average difference 
observed between oxo compounds and their thio analogues 
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in the compounds studied here . The assumption that there 
is little contributio n of charge separated structures to 
the tautomers (51c) and (51d) is consistent with the 
chemical shift observed for the 2-mercapto compound (11) 
and leads to t he conclusion that it exists essentially 
in a tautomeric equilibrium between (51c) and (51d). 
In the ca se of the pyrimidines, unlike the pyridines 
discussed later, the contribution of zwitterionic 
structures cannot be determined from the 15 N chemical 
shifts because the average shifts in the two tautomeric 
pairs (51c), (51d) and (51e), (51f) are very much the same . 
Similar co ns i derations apply to 2-oxopyrimidine (17). 
An estimate of the 15 N chemical shift of 1-methylpyrimidin-
2-(lH)-one was made by subtracting 30 p . p.m. from the 
shift of the thio analogue (16) . 
© 
~N·H 
j J ( 
N R 
H 
(52) 
~. N $)SH• 
N (54) 
H 
~N 
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N 
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© 
,:::?' NH 
) 
• 
) 
< ') 
~© 
N OH (57) 
H 
H 
(53) 
• 
NH 
,,, - -- NH :,©; 
' 0 
N 
H 
(56) 
The cat1on1c structures (44) would be expected to be 
a mesomer with structures (52) and (53) as the main 
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contr1but1ng forms . The site of protonation is uniquely 
dete mined by the values of the 15 N chemical shifts of 
the three protonated species, the 2-oxo (166 p . p m. ), the 
2-mercapto (179 ppm . ) and the l-methyl-2-mercapto 
hydrochloride (167 p p. m ) . If protonation had occurred 
on sulphur, the chemical shift of N-3 in the labelled N-Me 
compound (15) would be expected to be very different from 
thetautomeric non-methylated sulphur-protonated compound 
(54), in which each nitrogen atom would carry an equal 
amount of the positive charge . The contribution of the 
hybrid cation (55) of the type mentioned by Albert and 
Barlin cannot be large on the basis of the small values of 
J AX and the similarity of the nitrogen chemical shifts to 
that of pyridinium hydrochloride . An hybrid cation with 
positive charge on sulphur or oxygen would be expected to 
have spectral pa r ameters similar to (15) or (43), i.e . an 
AX coupling constant much greater than 3 Hz which is the 
value for pyridinium 10n, and a chemical shift to much 
lower field than observed for the three protonated species . 
Proton ation on N(l) for the N-Me compound (15) is also 
• NH2 
~N· 
.;o 
~ Me 
(58) 
OMe 
0 
I NH N)o 
H 
(62) 
Me 
""' /C=N 
H "oH 
(63) 
Cl 
(59) 
OMe 
~N· 
.)o 
N 
I 
Me 
(61) 
OMe 
'-,@ I 
'~0 N 
l 
Me 
(62a) 
Me OH 
"--..C=N / 
/ 
H (64) 
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ruled out for the same reasons . Protonation on nitrogen 
for these molecules has been demons trated by U.V. 
spectroscopy Albert and Barlin, 1962 ) . The difference 
1n 
15
N-
1
H coupling const ants for these three cations 1s 
probably due in part to the deg r ee of protonati on . In a 
study of the mono- and di-ca tions of pyrim,din-2-(lH)-one, 
(56) and (57), Wagner and von Philipsbo rn (1970) derived 
the struct ur es of the protonated species from the chemica l 
shifts of CH, NH and OH protons and proton-proton spin 
coupling co up ling constants in each species . Their 
r esu lts confirm that protonation occu r s on nitrogen . 
In the only other study of ring N15 -label l ed 
py rimi dines, in wh i ch doubly labelled pyrimidines were 
synthesized as intermediates in the synthesis of fully 
labelle d 1-methylcytosine (58), a number of 15 N- 1H coupling 
constants were unassigned (Roberts, Lambert and Roberts, 
1965) Specificall y, in the spectra of the 2,4-dichloro-
(59), the 2, 4-d imetho xy- (60) and the l-methyl-2-oxo-4-
methoxy- (61) py rimidin es- 15 N2 the fol l owing 15 N-H 
coupling constants were obser ed: 
Compound 
H(5) 
H ( 6) 
(59) 
L4, 0 . 6 Hz 
12 . 2, 0 . 6 Hz 
(60) 
1.4, 0 . 8 Hz 
12 . 5, 0 . 9 Hz 
( 6 1) 
3 . 9 Hz 
1. 8 Hz 
On the basis of the obse rv ed coupling constants for the 
aromatic py rimi dines described in this Section, the 
'normal I AX, MX, and BX couplings are of the or der, 
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-1 1 5, - 1 4, 0 .4 Hz . Fr om the results of Roberts et al . 
it appea r s that an electron withdrawing substituent 
( -I, +M) y t o an 15 N atom i n an aroma tic pyr i midine causes 
t he a N-H coup ling constant to be sl i gh t ly in creased and 
the S N-H couplin g cons t an t to be hardly a l te r ed, whereas 
t he sa me s ub stit uent a to an N15 atom causes the s 
coupl i ng to be ha l ved and the y coupling constant to be 
unaf f ec t ed or sl i ghtly increased . The assignment of the 
15N 1 · t t . th f . db d coup 1ng cons ans 1n e ixe on structure were 
made on t he bas i s of the che mical shifts of the 5 and 6 
p oton s of ur ac il (62) . Two 15 N shifts are observed for 
th is compo und (1 24 and 201 p . p. m ) , and it appears that 
t he spe ci es whose spectrum was recorded in acetic acid was 
not f ul ly pr ot onated because the chemical shift fo r the 
s p
2 
nitr ogen ato m of the neutra l molecu l e should be of the 
or de of 260- 290 p p. m. and t hat of the meso me ri c cation 
(62a), 170 p p m. The pKa of this molecule i s 0 . 65 
( Kat r i tzky and Wa ri ng, 1962) . The 15 N coup l ing constants 
ough t t o be then about -2 Hz and -3 . 5 Hz for the a and S 
pro t on s coup l ed t o N(l ) and about 0 . 8 Hz fo r the S and y 
pr oto n coup li ng constants for N( 3) . It i s l ikely that 
e xt ensiv e br oaden i ng of the ring proton signals was 
obser ed due to coupling to the N-Me group and that this 
obscu ed the sma l le r 15 N- 1H coupling constants of N(3) . 
Hen ce bo t h obser ed 15 N- 1H coupling constants can be 
ass ig ned to N(l) if the assumption is made that the degree 
of pr ot ona ti on of this molecule i n acet i c ac i d is not large . 
The average chemical shift of the dichloro compound (59) 
1s 266 p . p . m. , which agrees well with the shifts of the 
aromatic pyrimidines reported here . 
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The effect of . su bst ituti on of C-4 or C-6 of a pyrimidine 
with a methyl group has a shielding effect on the 15N 
nucleus. The · nsert·on of a second methyl group in the 
unsubsti u ed 4 or 6 position causes a smal but consistent 
deshield"ng of he 15N atom . As was observed for the 
pyrimidines w·thou 
15N . d are accompan,e 
C-Me substitut·on, upfield shifts of 
by decreases in 2JNH and increases in 
3 
JNH ' This trend is obse rv ed when the effects of C-Me 
substitut · on on 15N chemical shifts and coupling constants 
a re considered (discussed below) . 
14
N Chemical shifts of subst ituted pyridines all show 
upf i eld shifts compared with the parent (Herbison-Evans 
and Richa ds, 1964) but that of the nitrogen nucleus of 
a -picoline is on y 4 p . p. m. , much smaller than the shifts 
of 8-16 p. p . m. obse rve d for the C-Me subst i tuted pyrimidines 
discussed here . The position, relative to the 15 N atom, 
of the Me group in these py rimi dines, appears to be 
unimportant because an upfield shift of 9 p.p.m . is 
observed even when l-methylpyrimidin-2-(1H)-thione-3- 15 N
1 
is substituted in the 6-position . The anomalous downfield 
shifts which occur when 1-methylpyrimidin-2-(1H)-thione-3- 15 N
1 
hydrochloride is substituted with one or two C-Me groups 
suggests that a redu cti on in the positive charge on 15N 
has occurre d and contrasts with th e situation observed 
for the 2-oxo hyd roc hlo ri de (9). 
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The sign of the 15 N-Me coupling constants in the C-Me 
substituted pyrimidines could not be determined by the 
tickling technique because the Me group showed resolvable 
couplings only to 15 N. The relative signs of 15 N-Me 
coupling constants have been determined for syn and anti 
acetaldoxime (63), (64) . Both J NMe values were found to 
be negative (Crepaux, et al., 1969). 
Little work has been reported concerning the effects 
of solvent on 15 N chemical shifts and coupling constants 
and in this study a thorough investigation of solvent or 
concentration effects was not undertaken . In a series 
of investigations of simple 15 N labelled compounds, Alei 
et al . (1971) concluded that 15 N shifts are principally 
determined by intermolecular interactions involving the 
nitrogen lone pair of electrons . A similar conclusion 
was reached independently by Paolillo and Becker (1970) 
who reported a solvent effect study on quinoline- 15 N1, 
and observed upfield shifts when the solvent was changed 
from cyclohexane-d 12 to the donor solvents CDC1 3 or 
methanol-d 4 . Similar effects were observed in 
pyrid in e- 15 N1. A small but significant upfield shift 
occurs for the methylthio compound (14) when the solvent 
is changed from CC1 4 to acetone-d 6 . The cause of the 
upfield shift is probably due to a small modificati on of 
the nitrogen lone pair in a manner analogous to the 
almost complete removal of the nitrogen lone pair on 
quate nization . Just as protonation causes a decrease 
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l () the magn,tude of J AX and an increase 1 n the magnitude 
0 JMX modi 1cation by a donor solven ought to slight y 
de C ease the size 0 the AX coupling constant and slightly 
inc ease that of the MX coupling constant However, the 
chdnges in the NH cou pling c nstants of (14) are an 
increase to~ J AX and JMX while JBX decreases in magnitude 
Clearly the e fects of solvent on a nitrogen atom in a 
hete rocycle are not simple and much work on model systems 
wil l be requ · red to completely unders and these.- e.ffects . 
The dominant oie of the 15 N lone pai r in determining 
he size of 15 N- 1H and o 15 N- 13c coupling constants has 
been reporte d fo many mo ecules In pa rt, cul ar, the 
e ec t of protonation or quaternization of nitrogen on 
2
J NH and 3J NH has been the objec of wok with 
lSN d ' d · 15 N . . t f 1 t qu1no ine- 1 an pyri ine- 1 in a varie yo so ven s . 
Cr epaux et al (1969) observed that the reduced coupling 
2 3 
constants KNH and KNH decrease and increase respecti ely 
on protonation This phenomenon is clearly evident in 
al of the free base - cation pairs investigated in this 
study of 15 N- l abe l ed py ri midines . It coul d be predicted 
by ana ogy that 4xNH will decrease on protonation The 
4 
sign of J NH has not previously been dee mined in a 
six membered N-heterocycle and the change in 4xNH on 
protonation of pryidine was used to suggest that the sign 
4 
of JNH in pyridine hydrochloride was posit ive although no 
co nclusion could be made concerning the same coupling 
constant 1n pyridine (Lichter and Roberts , 1971) . 
0 0 
NH NH 
NJiH ii $ 0 0 / OH 
(64a) N H H 
0 0 
NH NH 
NJO )OH .. 0 0 N 
H 
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~ 
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Me '- s ' s N N 
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(65) (66) 
The analysis of the 1H-NMR spectrum of these 15 N-labelled 
pyrimid i nes and the sign dete rmi nat i on of the coupling 
4 J AX proves conclusively that JNH in this ring system 
is pos i tive and tha it increases on protonation . The 
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undeterm i ned sign of J BX in l-methyl-pyrimidin-2-thi one-
15N 1 hyd r ochloride (15) in DMSO-d 6 ,by compar1son with the 
neut r al species.must have a 4JNH > 0 for a decrease in 
4 KNH to occur when the free base is protonated . Observ-
2 3 ation of a reduction of KNH and an increase in KNH on 
pro onation would be a powerful method for dete rminin g the 
site of protonation in an unsymmetrical polyaza heterocycle . 
The r o l e of the 15 N lone pair in dete rmining the magnitudes 
of 15 N- 1H couplings has also been reported foroxaziridines 
(Je r ina et al . , 1970) and aziridines (Ohtsuru et al . , 1970) 
Although the 15 N chemical sh if ts of ba r bit uric acid 
-
15 N1 in DMSO and TFA were not obtained, the coupling 
constants, 1J NH are consistent with previous 1H-NMR stud i es 
of barbitu r ic acid . 
Ol ah and Schlosberg (1 958 ) demonstrated that proton-
ation of barbituric acid o cur s on oxyg en ) and the s lig ht 
1 inc ease in JNH when the solvent is changed from DMSO to 
TFA suggests an incr ease of pos i tive charge on ni trogen 
as would be expected fo the mesomeric st uctu r e (64a) . 
The broadness observed i n the NH peaks in the spectrum of 
(31) in TF A may be caus ed by an increase i n the proton 
exchange rate, comp ar ed with the exchange rate in DMSO . 
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The poss1b1l1ty of tautomerism in barbitu ric acid 
dissolved 1n DMS0 can be ruled out on the basis of the size 
of 
1
J NH Nevi ll e and Cook (1969) from a study of a large 
number of substituted barbituric acids con cluded that, 
al hough tautomer1sm was unlikely, it could be masked by 
rapid proton e xc hange If proton exchange was rapid 
be tw een the tautomeric form s (64b) and (64c), the 15 N- 1H 
coupling constant would be reduced by at least half by this 
averaging . No such reduction is observed for the solution 
of ba bi turic ac1d- 15 N1 in DMS0-d 6 . 
Neville and Cook also considered the possibility of 
dimer formation in solutions of barbituric acids . They 
assumed that the solute molecules were completely solvated 
because of the similarity of 1H chemical shifts of these 
compounds in DMS0 and p-dioxane Unfortunately, the 
15 N- 1H cou pl1ng constant could not be used to estimate the 
degree of hydrogen bonding in barbituric acid because of 
the 1n solub1lity of this compound in solvents which give 
r i se to weak solute-solvent interactions . 
The la ge size of 1J NH (~90 Hz) in this molecule is 
almost certainly due to the enhanced sp 2 character of the 
15 N- 1H bond, caused by the presence of two carbonyl groups 
a to the 15 N atom . Similar one bond 15 N- 1H coupling 
constants have been found for compounds with carbonyl 
groups adJacent to the nitrogen atom, e .g . 1-methylcytosine 
in DMS0 (92 Hz) and acetanilide in acetone (90 . 9 Hz), 
(Binsch, et al . , 1964). 
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Broaden1ng of peaks 1n the 1H-NMR spectra of some of 
the aromatic pyrimidines by incomplete washing out of the 
14
N-
1
H couping constant appears r easo nable i n view of the 
magnitude of the determ in ed 15 N- 1H co up ling co nstants 
The rat i o y 15 /y 14 was foun d to be 1. 403 (B e cker, Bradley N N 
and Axenro d, 1971) so the cor esponding 14 N-H (a) coupling 
constan t would be about 7 8 Hz for an ar omatic py rimi dine . 
Hence th e consi de ra bl e br oadness of s ign als from a -pro t ons 
of N-heterocycles in aprotic so lvents must be due to the 
very large N-H coupling constant which is not completely 
r emo ved because of the inte med iate relaxation rate of 
the 14N nucleus 
13
c- 15 N co up li ng constants we r e obta in ed for two 
py ri midines an d to da t e are the only values r ecorded for 
this ring system The assignment of the spectra of the 
two py r imidines has been discussed abo ve . Th e a , S, y 
C-N cou pling cons tants obtaine d fo r the di sulphide (8) 
11 . h h l f ' d · lSN co mpare we wit t e va ues or pyri in e-
1
. 
J JS J (in Hz) a y 
Disulphide ( 8) <0 . 5 3 4 
Py ri din e- 15 N1 0 . 25 2 . 4 3 . 6 
Th e other nitrogen a tom and the disulph i de substituent 
appear to ha e had 1 i ttle effect on the C-N coupling 
const ants and like N-H coup ling constants these paramete r s 
may prove to be particularly diagno stic of the bond 
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struc ure of a hete ocyclic ring . Th e other compound fo r 
which J CN values were obtained was the 4,6-dimethyl-2-
mercapto hyd roc hloride (32). Th e molecule, like all of 
the ations of the 1,2-dihydro pyrimidine struct ure (44), 
is best represented as the mesomer (65 ) in which the 
positive charge 1s distributed mainly over the thiourea 
portion of the ring. Thus it would be expected that the 
13
c-
15
N coupling cons tan ts would be al t ered due to a 
red uction in cha r ge on th e 15 N atom. The nitrogen 
coup ling to the a -th ioca rbonyl carbon atom appears to be 
not affected and is the same as the a- C coupling constant 
in pyridine- 15 N1 hydrochloride ( 12 Hz), whereas the 
C(4) a-carbon atom has a coupling constant of 10 . 5 Hz . 
The e ffect of the deloca liz ed posit i ve cha r ge is 
dramatic ally illustrated in the 15 N-C(6) coupling constant 
wh ich is reduced from 5 3 Hz in pyridine hydrochloride 
to 1. 5 Hz in this pyrimidine . 
Th e changes i n heteronuclear coupling constants, 
found for these pyrimidines are not pecul iar to nitrogen 
no to cyc lic molecules . Both 31 P and 13 c in va ri ous 
open cha in compounds show si mil a r tre nds . Thus the 
effects of 15N pro tonation parallel the effects on 
2
J CH and 3JCH in t he moieties x13 ccH and x13 cccH, as the 
electronegativ1ty of Xis increased (Miyazima et al . , 1969; 
Karabatsos and Orzech, 1965) and similarly for 2J PH and 
3
JPH (Manatt, et al . , 1966; Mcfarlane, 1967, 1969) . 
Interestingly the 2JCH coupling constant depends on 
electronegativity of the substituent on C(l) of the 
13
c(2)-C(l)-H fragment . Miyazima et al found that 
increasing the electronegativity of the group on C-1 
decreases the value of 2JCH , a finding which parallels 
the decrease in coupling constant observed for 3JNH in 
2,4-dichloro and 2,4-dimethoxypyrimidines- 15 N2 . It is 
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usual to discuss the effects of electronegativity in terms 
of the% s character of the C-N or C-C bonding orbitals, 
because of the assumed dominance of the Fermi contact 
contribution to the coupling constant which can be related 
approximately to the% s character of the atoms involved 
in the coupling , Generally, increasing the electro-
negativity of X on a fragment X-Y-H increases the% s 
character of the atom Y (Bent, 1961). 
Applying these considerations to the observed 
couplings for 15 N in thes~ labell ed pyrimidines, and usi ng 
the fact that the% s character of N increases in the 
I I I+ 
order, =N : < =N - H ~ =N - C, the effect of a C-methyl 
group can be rationalized by its ability to ha ea +I 
effect (1.e a reduced electronegativity compared to 
hydrogen) and henc~ ought to increase the coupling constant 
3 
KNH " Indeed, substitution of a 4-Me group causes JMX 
to change (values in Hz): 1-methylpyrimidin-2-thione 
hydrochloride -3 . 60 to -4.0; pyr,midin-2-(lH)-one 
hydroch l oride -3 . 70 to -3 . 90 and JBX + 0 . 75 to+ 0 . 6. 
Because .the 4 -methyl ompounds are mixtures, the methyl 
group wil be a to he 15 N 1n 50% of the mo ecules and 
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to he 
15
N in the rest. The position of the g oup on the 
path of the NH coupl · ng appea s to be un · mportant. This 
is borne out by the effect on the AX coup1 · g by a ring 
C-Me group. Some changes in JAX (in Hz) for some typ·cal 
examp1es a e: 2-mercapto anion from -10.00 to -9.5; the 
N-methyl-2-mercapto hydrochloride from -3.81 to -2 . 5; t he 
oxo hydrochlo ide from -3.25 to -2 . 5, on substitution by a 
4-methyl group. Hence it appears that a 4-methyl group 
causes a dee ease, nc ease and · nc ease in KAX' KMX ' KBX 
respectively . The effect of the 2-substitue ton the AX 
coupling constant can be seen by comparing the aromatic 
pyr im1di es of the ABMX spin type. Thus, the oxo anio , 
mer ap o an · on, methylth·o compound, d1sulph i de, and chlo o 
derivative have J A va ues of -9.8, -10.0, -11 . 1, -11 . 3, 
-11 . 4 Hz espect·vely. Although the difference between the 
last three couping o stants i s not s · gnif · cant the 
ele tronegativ · yo der could easo ably be, Cl, SMe, S-S 
> S > o·. Hence it appea s that 2xNH inc eases as the 
electronegat · vity of the substituent at C(2) · ncreases . 
The characteristic -changes of JNH values when the nitrogen 
a om bears some positive charge compared wi h uncharged 
nitrogen can be explained in terms of an increase ·n the %s 
character of the nitrogen a om. Although these considerations 
are of consi de able p actica use in the prediction and 
assignment of 15 N coupling constants, their appljcation 
is qualitative and a more rigorous analysis of the 
contributions to 15 N coupling constants is necessary 
before quantitative predictions can be made . 
SYNTHETIC CONSIDERATIONS 
The synthesis of a labelled compound is governed by 
two considerations, the availability of a tested, high-
yield synthetic route and of a suitable labelled starting 
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material , The condensation of a B-dialdehyde with a urea 
moiety is a standard synthetic route to 2-substituted 
pyrimidines (Brown, 1962) . The availability of mono- 15 N-
labelled urea and thiourea make this synthesis an 
attractive route to 2-substituted pyrimidines lab elled 
with 
15
N. The syntheses were easily adapted to the small 
scale required for NMR purposes, only three to four pilot 
preparations being necessary to optimise conditions for 
the synthesis using a labelled precursor . Substitution 
of a B-aldehydo ketone or a B-diketone for the dialdehyde 
in the condensation reaction gives C-Me substituted 
pyrimidines and syntheses using acetylacetone and 
4,4-dimethoxy-2-butqnone as condensing agents proceeded 
in sufficiently high yield for labelling to be carried out 
Attempts were made to obtain a pyrimidine substituted with 
a trifluoromethyl group . However both trifluoroacetyl-
acetone and hexafluoroacetylacetone failed to condense 
with urea and thiourea even after long periods of reflux. 
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Condensat i on of dibenzoy l methane with thiourea gave a low 
yield of 4,6 - diphenylpyrimidin-2-(lH)-thione hydrochloride 
(66) and no attempt was made to prepare the 15 N isot opome r . 
Because of the interest in a pyrimidine with a fixed 
bond st r ucture, the synthesis of 1-methylthiourea-3- 15 N3 was undertaken The literature synthesis requires the 
use of an excess of concentrated aqueous ammonia (Moore 
and Crossley, 1955). However, after twenty runs 
employing different solvents, different reaction times 
and temperatures, a satisfactory and repro ducible synthetic 
method was developed which required only gaseous ammonia in 
stoichiometric quantities . Condensation of aldehydo-
ketone fragments with this molecul e was found to be of 
sufficiently high yield for use in small scale synthesis 
with labelled reactants . 
Considerable time was spent in investigating pathways 
to t he pa rent pyrimidine from the 2-substituted compounds 
which were so easily obtained . Reduction of the 
2-mercapto compound (11) using Raney Nickel or hydrogen 
peroxide followed by hydrolysis failed to give 
reproducible yields of pyrimidine on a small scale . An 
alternative oxidation . to the sulphonyl fluoride (67) was 
attempted using chlorine as oxidant in the presence of 
potassium hydrogen difluoride (Brown and Hoskins, 1971) . 
However, the smal 1 scale prevented adequate control of 
the amount of chlorine added to the reaction and 
reproducible yields which were acceptable for the next 
99 
step were not obtained . The addition of a stoichiometric 
amount of chlorin e gave unsatisfactory yields . The 
sulphonyl fluoride readily undergoes nucleophilic attack 
by hydrazine to give the 2-hydrazino compound and good 
yields of pyrimidine were obtained by refluxing the 
hydrazino compound (68) in cc1 4 with freshly prepared 
silver oxide . An alternative route to the hydrazino 
compound via 2-chloro py rimi dine (19) was attempted . The 
lite rature reports a facile synthesis of this compound 
from pyrimidin-2-(lH)-one hydrochloride in the presence of 
phosphorus pentachloride and phosphorus oxychloride (93%) 
(Matsukawa and Ohta, 1949) . Attempts to repeat this work 
gave yields in the range of 30-45% and variation of 
conditions and reagent proportions and the use of the free 
base failed to improve these figures substantially . 
Conversion of the 2-chloro compound to the hydrazino 
was found to be · a · high yield step. Finally, to obtain 
the NMR parameters for the 2-chloro compound a small 
amount was synthesized using the action of dichlo r o-
phenylphosphine oxide on 2-pyrimi done hydrochloride (9) . 
A dire ct conversion of the 2-mercapto compounds to 
the 2-hydrazino com pounds was attempted following a report 
of the aminolysis of a 2-mercaptopyrimidine in refluxing 
propanolic hydrazine hydrate (Levin , Gul 'kina and Kukhtin, 
1963) . 4,6-Dime thyl pyrimidin-2-(lH)-thione hydrochloride 
gave a good yield of the 2-hydrazino compound after 20 hrs 
of refluxing . The 4-methyl and unsubstituted 2-mercapto 
~ N ~N 
~>OMe 
I 
N~O 
I Me 
(69) (70) 
Me OH 
'-......5/ 
M{ ~5R' 
(71) 
• 
MeNHCSNH2 
(72) 
hydrochlorides gave low yields of the corresponding 
2-hydrazino compounds under the same conditions . 
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Oxidation of the 2-hydrazino group of the 4,6-dimethyl 
compound was not as facile as the oxidation of the 
unsubstituted hydrazino compound and extremely poor yields 
of the parent were obtained . 
Attempts were made to obtain the 2-methoxy (69) and 
the 1-methyl-2-oxopyrimidine (70) from the 2-oxo compound 
with ethereal diazomethane (B ergmann and Feeney, 1950) . 
The yields were not reproducible and on the scale on which 
the reaction was performed (200 mg), were too low to be of 
use . The reagent "magic methyl"(methyl fluorosulphonate) 
was also tried as a methylating agent, b~t the reaction 
was not clean and a complex mixture of products was 
formed . The reaction was not investigated further . 
The formation of the disulphide from the 2-mercapto 
hydrochloride in DMSO-d 6 has reasonable precedent apart 
from the experimental proof . Acid solutions of thiourea 
are known to be readily oxidized to a compound containing 
a disulphide bond (Sidgwick, 1966), and the oxidizing 
power of sulphoxides in acid solution has been known for 
a considerable time (Fromm, 1912). From a thorough study 
of the oxidation of thiols by sulphoxides to disulphides, 
Wal lace and Mahon (1964) conclude that the oxidation 
proceeds through an intermediate adduct (71) to the 
disulphide, dimethyl sulphide (for DMSO) and water . 
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The formation of the 2-oxo compound from this reaction is 
not unreasonable because disulphides are known to undergo 
decomposition to many products including the corresponding 
alcohol (Savige and Maclaren, 1966). However the 
mechanism of formation of this species in this solution 
can only be speculative . 
The synthesis of 15 N-labelled pyrimidines from the 
readily available urea type moieties illustrates well the 
difficulties encountered in the synthesis of labelled 
compounds and the considerations necessary to ensure a 
high yield of labelled material. Although it is 
necessary to perform a number of preliminary experiments 
before the synthesis with labelled material can be 
carried out, the number of these trials can often make 
the proposed synthesis uneconomical in terms of cost and 
time. 
C. EXPERIMENTAL 
The 1H-NMR spectra were recorded in the frequency 
sweep mode on a Varian HA-100 spectrometer at a probe 
temperature of 34°c . Peak positions of the ring proton 
were determined from spectra calibrated by reading the 
sweep oscillator frequency at intervals of about 5 Hz . 
The average standard deviation of the measured peak 
frequencies was 0.03 Hz, from at least two scans sweeping 
from high to low frequency . Sweep rates were < 0.1 Hz/sec. 
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15
N tickling and decoupling experiments were performed 
on the same instrument which was equipped with additional 
field-frequency stabilization. The master oscillator of 
the spectrometer was locked to the master oscillator of a 
Rohde Schwarz SMDH BN41103 frequency synthesizer, which 
supplied the rf power for heteronuclear decoupling 
(Charl es, 1968) . The rf power for homonuclear decoupling 
experiments was provided by a Schomandl ND30M frequency 
synthesizer. The resonant frequency of 15 N for each 
sample in the same magnetic field that gives internal TMS 
a proton frequency of exactly 100 MHz was calculated from 
the following formula, (M cFarlane, 1968): 
= ( 3 5) 
where f obs is the heteronuclear decoupling frequency, 
f + 10 8 is the frequency at which the locking signal is 
obtained, and o is the chemical shift relative to TMS of 
the protons used to supply the lock signal. If bulk 
susceptibility differences and solvent effects are ignored, 
chemical shifts can be calculated from two such ~ values 
noting that lower chemical shift corresponds to higher 
frequency in this fixed field. Typical errors for 
nitrogen chemical shifts calculated in this manner will 
be one or two p . p .m.; errors in ~ were often as low as 
± 0.05 Hz but sometimes were ± 1 Hz. 
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Samples were measured in 5 mm NMR .tubes and were not 
degassed. In CC1 4 , CDC1 3 , and acetone-d 6 , TMS (2%, v/v) 
was used to supply the signal that actuates the field-
frequency locking circuits . For DMSO-d 6 as solvent, the 
solution was saturated with TMS, which was used for the 
lock signal . In aqueous solutions, HOD was used as the 
lock signal and TPS was added to calibrate the spectrum. 
Carbon resonance spectra were measured on a Bruker 
Spectrospin HFX multinuclear spectrometer operating at 
90 MHz with facilities for 13 c Pulse Fourier Transform NMR 
spectroscopy and broad band 1H decoupling. The spectra 
were obtained using the 2H peak of the solvent as the 
locking signal and benzene as an internal standard. The 
13
c 'chemical shift' as used here is not equivalent to 
that defined by Paul and Grant (1964), but simply the 
frequency difference of a carbon peak and the benzene peak 
divided by the 13 c resonance frequency, 22.63 Hz. Broad 
band decoupling was centred in the middle of the 1H 
resonance peaks of the sample . 
The 1H-NMR spectra were analyzed using the computer 
program LAOCOON 3 . The results are quoted using the 
three significant decimal digits obtained directly from 
the computer output . Probable errors in parameters are 
< 0 . 01 except where stated and this reflects the 
precision of the experimental determination not necessarily 
their accuracy which Kostelnik et al. (1969) demonstrated 
i s m o re c l o s e l y g i v e n by t h e · p re c i s i. o n . o f f i t o f t h e 
experimental and computed line positions (the RMS error 
in the computer output) . 
The labelled starting materials were obtained from 
Junta de Energia Nuclear, Madrid. Ammonium salts were 
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provided 99 . 2% enriched and urea and thiourea were 
provided 47.6 % enriched (95.2 % in one nitrogen ato m). 
Mass spectra were obtained using an AEI MS9 spectrometer. 
Analyses were carried out by Dr J.E. Fildes and staff. 
Melting points were measured in 1 pyrex 1 capillaries and 
are corrected . No elemental analyses were performed for 
labelled compounds due to the small quantities available 
and the losses incurred in recrystallization for 
microanalysis. The identities of the labelled compounds 
were confirmed by the m/e values of the parent ions in 
the mass spectrumt and by comparison of the melting points 
of the labelled compounds with those of their 
14
N-isotopomers . The 1H and 15 N NMR spectral parameters 
discussed in this thesis provide further evidence for the 
structure and purity of the particular compounds. 
t 
In the mass spectra of a hydrochloride, the m/e value 
of the parent ion is the same as that of the corresponding 
neutral molecule . 
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Pyrimidin-2-(1H)-thione- 15 N1 hydrochloride (10). 
1,1,3,3-Tetramethoxypropane (1.1 g) was added dropwise 
to a refluxing, well stirred mixture of thiourea- 15 N
1 
(0.5 g), methanol (5 . 5 ml) and concentrated hydrochloric 
acid (1 . 6 ml) and the mixture was refluxed for thirty 
minutes . Th e solution was allowed to cool and the product 
was filtered off. Addition of ether to the mother liquor 
gave further solid. Yield 695 mg (72 %), m.p. 235-40°(dec.) 
( 14N-isotopomer 236-9°), m/e 113 . 
Pyrimidin-2- (1H) -thione- 15 N1 (11). 
The hydrochloride (10), (100 mg) was dissolved in a 
mixture of water (4 drops) and ethanol (25 drops) and an 
aqueous solution of sodium hydroxide (20 %) was added to 
the stirred solution to make the pH 7, (4 drops). The 
suspension was stirred for a further half hour and 
filtered. The solid product was washed with a little 
acetone and dried in vacuo. Partial evaporation of the 
filtrate afforded more solid . Yield 70 mg (92 %), 
m.p . 216°, ( 14N-isotopomer 220°, Roblin and Clapp (195Q)), 
m/e 113 . 
1-Methylthiourea-3- 15 N1 (72). 
Sodium hydro xi de (20 % w/v, 6 ml) was slowly added to 
ammonium chloride 15 N (0.5 g) and the evolved 15 NH 3 was 
swept by a stream of dry nitrogen into a stirred solution 
of methyl isothiocya nat e(0 . 7 g) in absolute methanol 
(10 ml) and then into an ammonia trap (HCl/Methanol). 
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The nitrogen stream was passed for fourteen hours and then 
the ammonia generating flask was heated for an hour. 
Fi nally the methanolic solution was refluxed for half an 
hou r . Methanol was removed on a rotary evaporator 
( 18 mm /30°) and the precipitated solid was filtered off, 
dried and sublimed (15 mm/120°) to give 560 mg (69%) of 
product, m.p. 122°, ( 14N-isotopomer 119-120.5°, Moore 
and Crossley (1955)), 89 mg of 15 NH 4Cl was recovered 
from the trap . 
1- Methylpyrimidin-2-thione-3- 15 N1 hydrochloride (15). 
1,1,3,3-Tetramethoxypropane was added rapidly to a 
well stirred solution of 1-methylthiourea-3- 15 N1 (100 mg) 
i n meth anol (1 ml) and concentrated hydrochloric acid 
(0 . 23 ml) at 72°, and the mi xture refluxed for thirty 
mi nutes . Acetone was added to the cooled solution which 
was t hen kept at o0 overnight. Crystals were removed by 
f iltration and dried in air . Yield 105 mg (59 %), 
m. p . 197-200° (dee.), ( 14N-isotopomer 197-200° (dee.)), 
m/e 127 . 
1-Methylpyrimidin-2-thione-3- 15 N1 (16). 
The hydrochloride (15), (50 mg) was dissolved in water 
( 0 . 2 ml) and sodium hydroxide (20 %, 3 drops) was added 
10 7 
with rapid stirring . The cream precipitate was filtered 
off and dried in a desiccator over silica gel. Yield 
25 mg (65 %), m. p. 186-7°, ( 14N-is otopomer 189-191°, Albert 
and Barlin (1 962 )), m/e 127. 
2-Methylthiopyrimidine- 15 N1 (14). 
The hydrochloride (10), (120 mg) was mixed with a 
solution of sodium bicarbonate (136 mg, 2 eq.) in water 
(3.3 ml) . After effervescence ceased, dimethylsulphate 
(102 mg) was added and the tube stoppered and shaken for 
five hours. The solution was continuously extracted _ 
with chloroform for a day and the extract was dried over 
molecular sieves (4A). Evaporation until the CHC1 3 peak 
in the NMR spectrum was very small gave 25 mg (29%) of a 
liquid product, m/e 127 . 
Pyrimidin-2-(1H)-one- 15 N1 hydrochloride (9). 
1,1,3,3-Tetramethoxypropane was added rapidly to a 
well stirred mixture of urea- 15 N1 (500 mg), methanol 
(3 ml) and hydrochloric acid (1.68 ml) in a water bath 
kept at 39-41° . The solution was stirred for an hour. 
Ether was added to the - cooled solution and the mixture 
was then kept at o0 overnight . The crystals were 
filtered off and dried in vacuo. Addition of ether to 
the mother liquor gave further product. Yield 910 mg 
(84 %), m.p . 203-5°, ( 14N-isotopomer 210°, Hunt, McOmi e 
and Sayer (1959)), m/e 97 . 
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Pyrimidin-2-( H)-one- 15 N1 (17) . 
The hyd ochloride (9) (420 mg} was dissolved in sodium 
carbonate solution and the solution acidified to pH 5 with 
sulphuric acid (2 . 5 M) . The solution was taken to 
dryness on a rotary e aporator and the solid extracted 
with ethyl acetate in a Soxhlet apparatus for four days . 
Th e extract was evaporated to dryness and the residue 
recrystallized from benzene to give 255 mg (84%} of 
product, m.p. 180-3° (dee.), ( 14N-isotopomer 178-9°, 
Brown (1950)), m/e 97 . 
Isolation of the disulphide (73), (unlabelled). 
Pyrimidin-2-(lH)-thione hydrochloride (1 g) was 
dissolved in DMS0 (10 ml} and the solution evaporated to 
dryness . The residue was extracted with warm benzene. 
Evaporation of the extract gave a solid which was 
recrystallized from acetone, m. p. 141° (lit . , 136°, 
Brown and Hoskins (1971)) (Found: C, 43 . 04; H, 2.65; 
N, 25 . 04; S, 28 . 49 . Calculated for c8H6N4s2 : 
C, 42 . 22; H, 2 . 72; N, 25.21; S, 28.85%}, m/e of 
labelled disulphide (8) obtained from NMR sample, 224 . 
2-Chloropyrimidine- 15 N1 (19) . 
The hydrochloride (9) (200 mg) was heated with 
dichlorophenylphosphine oxide (5 ml) at 150° under 
anhydrous conditions for four hours. The solution was 
allowed to cool, poured onto ice, neutralized in the cold 
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with solid sodium bicarbonate and extracted with chloroform. 
The extract was dried over anhydrous · sodium .su ·lphate and 
the solvent removed on a rotary evaporator to give 80 mg 
(46 %) of residue which was sufficiently pure for NMR 
purposes, and was used without further purification. 
4-Methylpyrimidin-2-(1H)-thione-1(3)- 15 N
1 
hydrochloride (21). 
Hydrochloric acid (0.76 ml) was added to a refluxing 
mixture of thiourea- 15 N1 (200 mg), 4,4-dimethoxy-2-butanone 
(380 mg) and methanol (3 ml) and the mixture was refluxed 
for half an hour and allowed to cool. The product was 
filtered off and dried in vacuo . Yield 378 mg (89 %), 
m.p. 251-4° (dee.), ( 14N-isotopomer 259°, Burness 
(1956)), m/e 127 . 
4-Methylpyrimidin-2-(1H)-thione- 15 N1 (22). 
The hydrochloride (21) (80 mg) was dissolved in a 
solution of sodium bicarbonate (70 mg) in water (1.5 ml) 
and the solution extracted with chloroform (5 x 5 ml). 
The extract was evaporated to dryness, the residue taken 
up in acetone (2 ml) and the final solution filtered. 
The acetone was evaporated to give 48 mg (77 %) of 
product, m.p. 215-221°, ( 14N-isotopomer 216-220°, 
British Patent ( 1958)), m/e 127. 
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D1(4-methylpyrimid1n-2-yl-1(3)- 15 N1)disulphide (24). 
The hyd roc hlo ri de (21) (50 mg) was dissolved in water 
(1 ml) and neutralized with sodium bicarb onate. A 
saturated solution of potassium permanganate in acetone 
was added dropwise till a pink colour persisted for more 
than a minute. The solution was filtered, and evaporated 
to dr yness to give a solid which was suspended in CHC1
3 
(0 . 3 ml). Filtration gave 15 mg (39%) of solid, m. p . 
98-101°, ( 14N-isotopomer 104°, Brown and Hoskins (1971)), 
m/ e 252 . 
l,6-Dimethylpyrimidin-2-thione-3- 15 N1 hydrochloride 
( 2 6) . 
Hydrochloric acid (0 . 25 ml) was added to a refluxing 
mixt ure of l-methylthiourea-3- 15 N1 (100 mg), methanol 
(1.1 ml) and 4,4 -dimethoxy-2-but anone (160 mg ) and the 
solution was refl uxed for a fu r ther half hour . The 
solution was allowed t o cool and was filtered to give 
152 mg (78 %) of product. Addition of acetone to the 
mother liquor gave a f urt her 5 mg of solid . The combined 
product was dr i ed in vacuo, m.p . 223-7°. For the 
14
N-isotopomer prepared under identical conditions and 
recry stalli zed from methanol (Fo und: C, 40 . 68; H, 5 . 03; 
N, 15 . 75. C6H9N2S Cl requires C, 40.79, H, 5.10; 
N, 15 . 86 %), m/e 141 . 
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1,6-Dimethylpyrimidin-2-thione-3- 15 N1 (27). 
The hydrochloride (26) (70 mg) was dissolved in water 
(1 ml) containing sodium bicarbonate (40 mg) and the 
solution was extracted with chloroform (10 x 5 ml). The 
extract was evaporated to dryness, the residue taken up 
in acetone (1 ml) and the final solution filtered. 
Eva poration of acetone gave 32 mg (58 %) of product, 
0 m. p. 155-9 . For the 14N-isotopomer prepared under 
identical conditions and recrystallized from methanol 
(Fo und: C, 51 . 21; H, 5.68; N, 19 . 89 . 
requires C, 51 . 43 ; H, 5 . 71; N, 20 . 00 %), m/e 141. 
4-Methylpyrimidin-2-(1H)-one-1(3)- 15 N1 hydrochloride 
(28). 
Hydrochloric acid (0.45 ml) was added to a refluxing 
mixture of urea- 15 N1 (1 00 mg), methanol (2 ml) and 
4,4-dimethoxy-2-butanone (235 mg) and the mixture 
refluxed for ninety minutes . Acetone was added to the 
cooled solution which was then kept at o0 overnight . 
The solid product was filtered off and dried in vacuo . 
Yield 223 mg (93 %), m.p . 233-5°, ( 14N-isotopomer 240°, 
Burness (1956)), m/e 111 . 
4-Methylpyrimidin-2-(1H)-one-1(3)- 15 N1 (29). 
The hydrochloride (28) (100 mg) was dissolved in water 
(1 ml) containing sodium bicarbonate (65 mg) and the 
solution was extracted with chloroform (5 x 5 ml). The 
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chloroform was evaporated and the residue taken up in 
acetone (2 ml) and the final solution filtered. Evapor-
ation of the acetone gave 46 mg (61 %) of product, which 
was dried in vacuo, m. p. 157°, (14 N-isotopomer 150°, 
ranke and K af t (1953)), m/e 111 . 
4,6-Dimethylpyrimidin-2-(1H)-thione- 15 N1 hydrochloride 
( 3 2) . 
Hydrochloric acid (0 . 825 ml) was added to a refluxing 
mixture of thiourea- 15 N1 (250 mg), acetylacetone (400 mg), 
ethanol (4 ml) and the solution refluxed for two hours. 
The solut i on was allowed to cool and the crystallin e 
product was filtered off . Addition of ether to the 
mother liquor afforded further product which was 
contam i nated with thiourea . The product was dried in 
vacuo . Yield 440 mg (76 %), m. p. 243-7° (dee . ), m/ e 141. 
4,6-Dimethylpyrimidin-2-(1H)-thione- 15 N1 (33) . 
The hydrochloride (32) (75 mg) was dissolved in water 
(1 ml) containing sodium bicarbonate (60 mg) and the 
solution was extracted with chloroform (10 x 5 ml). The 
chloroform was evaporated and the residue taken up in 
acetone (1 ml) and filtered. Evaporation of acetone 
gave a solid which was dried in vacuo. Yield 50 mg 
(84 %), m. p. 210-3°, ( 14N-isotopomer 208-210°, Boarland 
and Mc0mie (1951)), m/e 141. 
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Di(4,6-dimethylpyrimidin-2-yl- 15 N1)disulphide (35). 
The hydrochloride (32) (60 mg) was dissolved in water 
(1 ml) and neutralized with sodium bicarbonate. The 
solution was titrated with a saturated solution of 
potassium permanganate in acetone till a slight pink 
colouration remained for over a minute. The solution was 
iltered and evaporated to dryness to give a solid which 
was taken up in cc1 4 (0.4 ml). After filtration the 
solvent was removed to give 15 mg (32%) of solid, 
m.p. 148-153°, ( 14N-isotopomer 150-5°, Brown and Hoskins 
(1971)) 
4,6-Dimethyl-2-hydrazinopyrimidine (38). 
The hydrochloride (32) (250 mg), sodium bicarbonate 
(140 mg), hydrazine hydrate (5 ml) and n-butanol (5 ml) 
were refluxed till evolution of H2s ceased (about 20 hrs). 
The solution was allowed to cool and a white solid was 
filtered off, recrystallized from ethanol, and dried 
in vacuo to give 180 mg (91%), m.p. 165°, ( 14N-isotopomer 
165°, Boarland, McOmie and Timms (1952)), m/e 140 . 
l,4,6-Trimethylpyrimidin-2-thione- 15 N1 hydrochloride 
( 36) . 
Hydrochloric acid (0 . 25 ml) was added to a refluxing 
mixture of 1-methylthiourea-3- 15 N1 , (100 mg) acetylacetone 
(235) mg and ethanol (2 ml) and the solution was refluxed 
fo one hour . The sol ution was allowed to cool and the 
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product filtered off. The solid was dried in vacuo. 
Yield 70 mg (81%), m.p. 218-222°, m/e 155 . 
l,4,6-Trimethylpyrimidin-2-thione- 15 N1 (37). 
The hydrochloride (36) (70 mg) was dissolved in water 
( 1 ml) containing sodium bicarbonate (40 mg). The 
s olution was extracted with chloroform (3 x 5 ml) and the 
chloroform evaporated. The residue was suspended in 
acetone (1 ml), filtered and the acetone evaporated to 
give 49 mg (86%) of product, m. p. 158°, ( 14N-isotopomer 
146°, Hale and Williams (1915)), m/e 155 . 
4,6-Dimethylpyrimidin-2-(1H)-one- 15 N1 hydrochloride 
( 39) . 
Hydrochloric acid (0 . 45 ml) was added to a refluxing 
solution of urea- 15 N1 (100 mg), acetylacetone (230 mg), 
ethanol (4 ml) . The mixture was refluxed for ninety 
minutes, allowed to cool and kept at o0 overnight . The 
solid was filtered off and dried in vacuo. Addition 
of ether to the mother liquor gave further solid (12 mg) . 
Yield 132 mg (51%), m.p. 269-272° (dee.), m/e 125. 
4,6-Dimethylpyrimidin-2-(1H)-one- 15 N1 (40). 
The hydrochloride (39) (90 mg) was dissolved in water 
containing sodium bicarbonate (55 mg) and the solution 
extracted with chloroform (6 x 10 ml). The chloroform 
was evaporated and the residue taken up in acetone ( 1 ml) 
and the solution filtered . Evaporation of acetone gave 
51 mg of product (73%), m. p . 195-7°, ( 14N-isotopomer 
194-6°, Hale (1914)), m/e 125. 
Barbituric acid- 15 N (31) . 1 
Sod um (40 mg) was dissolved in absolute ethanol 
and to this solution was added diethyl malonate (268 mg) 
and urea- 15 N1 (100 mg) in hot ethanol (0.85 ml). The 
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solution was refluxed with stirring for seven hours under 
anhydrous conditions (oil bath 110°). Hot water (1.7 ml) 
followed by hydrochloric acid (1.7 ml) were added to the 
reaction mixture. The solution was filtered and kept at 
o0 overnight. The precipitated solid was filtered off 
and washed with cold water (0.5 ml) and dried (80°, 
0 . 5 mm). Yield 145 mg (74%), m/e 119. 
PART FOUR 
15 N- LABELLED PYRIDINES 
A. INTRODUCTION 
The many 
1
H-NMR studies of pyridine and substituted 
pyridines (Batterham, 1972) contrasts markedly with the 
few studies of the 15 N-labelled analogues. This is not 
surprising in view of the limited number of suitable 
syntheses which produce pyridines in high yields and 
which require only simple 15 N-lab e ll ed precursors. 
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The only NMR investigations of pyridines and pyridine-like 
systems labelled with 15 N are those of py ri dine and its 
hydrochloride (Lichter and Roberts, 1971), of quinoline, 
its hydrochloride, N-oxide and various nitre derivatives 
(Tori, et al . , 1967; Paol1llo and Becker, 1970; Kawazoe 
et al , 1965; Crfpaux and Lehn, 1968; Kin tzinger and 
Lehn, 1967; Crepaux et al . , 1969), and of 15 N-labelled 
2-picolylketones (Klose et al . , 1966). 
In this section the synthesis and NMR parameters 
of three 15 N substituted pyridines synthesized from 
NH 4+ salts will be described . 
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Fig. 4.1. The 1 H-NMR spectra of a, the 
14 N-isotopomer 
d b th 15 N · t f .d. . d. th 1 th an , e -,so opomer o pyr, 1ne ,n ,e y e er. 
B. RESUL TS AND DISCUSSION 
1H-NMR SPECTRA AND ANALYSIS 
(i) Pyridine- 15 N1 (1) in diethyl ether . 
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The pyridine ring with five protons is best described 
as an AA'BMM' spin system (1) . The replac ement of the 
effectively non-magnetic 14 N a tom by 15 N alters the spin 
system to an AA'BMM'X type . The 1H-NMR spectra of the 
14 15 . 
N and N-1sotopomers of pyridine are compared in 
Fig.4 . 1. The expected large coupling between the 
a -proton and the 15 N nucleus causes the a spectral pattern 
to be split into two identical sub-spectra, corresponding 
to the two values of the eigenvalue of the spin operator 
F 2 for the 
15 N nucleus . Similar sub-spectra in the S 
and particularly in the y multiplet are not as obvious . 
On a scale of 1 Hz/cm . the coupling between they-proton 
and the 15 N nucleus is barely resolved . Analysis was 
carrie d out (L AOCOON 3) using 15 N- 1H coupling constants 
obtained by inspection of the spectrum and previously 
r eported 1H- 1H coupling constants (Merry and Goldstein, 
1966) to generate a trial spectrum from which experimental 
line positions could be assigned . Iterative computation 
was not difficult and a good agreement between experimenta l 
and computed line positions was obtained . Two lines of 
low intensity were obse r ved between each of the outer 
tr iplets and the centre multiplet of the y-proton spectrum . 
These lines were not assigned originally however the 
a b C 
Fig. 4.2. The experimental and calculated 1H-NMR spectra 
of pyridine- 15 N1 (1) in diethyl eth e r. The H-2(6), 
H-3(5) and H-4 resonances are labelled a, band c 
respectively, (1 division= 1 Hz). 
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computed spectrum predicted their frequency to be almost 
identical to that observed in the experimental spectrum . 
The computed spectrum of the ring protons is compared with 
the experimental spectrum in Fig.4.2 . At the time of 
this work, Lichter and Roberts published the analysis of 
pyridine- 15 N1 i n methanol and of the neat liquid. The 
s pectrum of pyridine- 15 N1 reported in this section was 
obtained from a solution in diethyl ether and hence the 
values obtained are of interest. The results of the 
analysis are given in Table 4.1 and are compared with the 
values of the coupling constants found by Lichter and 
Roberts . The appearance of the calculated spectrum of 
pyridine- 15 N1 in diethyl ether was insensitive to 
detailed assignments of calculated frequencies to 
experimental peak frequencies, and, as would be expected, 
to the signs of the 15 N- 1H coupling constants. The 
signs of the proton proton coupling constants were taken 
to be the same as those in the literature although the 
sign of J 26 had no effect on the appearance of the 
calculated spectrum . It is possible that the negative 
sign of J 26 results from the inaccuracy in the measured 
peak positions . 
(ii) 2-(1H)-Pyridone- 15 N1-5-carboxylic acid (2) in 
020/00- . 
The three ring protons of this molecule appear as 
three distinct multiplets in the spectrum of an aqueous 
solution of high pH. On a scale of 20Hz/cm the spectrum 
Ta ble 4.1. Spe tral arctmeters of 15 N-labelled pyr1d1nes 
15 N- 1H coupling constants. 
Compound Solvent 2 3 Cone. J NH J NH 4 JN H (Hz) 
( 1 ) 
( 1) t 
(l) t 
(4)t 
(4) t 
( 2 ) 
( 2) 
( 3) 
70 0 
-10.96 
-10,76 
MeOH 30% (v/v) -10 . 06 
MeOH 30% (v/v) -3 . 01 
TFA -2 . 2 
020/00 250 -9.80 
(3M) 
OMSO-d 6 200 
COC1 3 400 
-2 . 40 
-1 . 40 
-1. 53 
-1. 56 
-3 . 98 
-4 . 3 
-0.98 
-2 . 40 
±3 . 5 (H-5) 
±0.20 
±0 . 21 
±0 . 18 
±0 . 69 
±0 . 3 
-0.42 
1H- 1H coupling constants. 
Compound Solvent J 23 
(1) Et 2o 4 . 87 
(l)t Neat 4 . 88 
(l)t MeOH 4 . 97 
(2) 020/00- (3M) 
( 2) OMSO-d 6 
1. 83 
1. 83 
1. 81 
2 . 80 
2 7 5 
t Lichter and Roberts (1971) . 
1.07 
0.97 
-0 . 02 7 . 67 
-0.12 7 . 62 
0.90 -0 . 16 7. 83 
-0 . 69 8.95 
9 . 61 
1. 30 
1. 34 
1. 38 
Concentration is given in mg/ml. except where differently 
specified . The probable errors from the computer (LAOCOON 3) 
analysis of (1) in Et 2o were less than 0 . 005 Hz . The 
com puted r . m. s . error between experimental and calculated 
line frequencies was 0 . 019 Hz . 
a b 
I I 
I I 
: I 
C 
Fig . 4. 3 . The 1H-NMR spectrum of (2) in D2D/DD-, 
(1 division = 10 Hz) . The H-6, H-4 and H-3 
resonances are labelled a, band c respectively . 
• a b C 
Fig. 4.4. The 1H-NMR spectrum of (2) in D20/0D-, 
(1 division= 5 Hz). The H-6, H-4 and H-3 resonances 
are labelled a, band c respectively, (* benzene). 
a b C 
Fig. 4.4a . The 1H-NMR spectrum of (2) in DMSO-d 6 , 
(1 division= 5 Hz). The resonances of H-6, H-4 
and H-3 are labelled a, band c respectively. 
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appears as a doublet of doublets at (o 8.57), a doublet of 
doublets ( o 8.02) and a doublet (o 6 . 52), Fig.4.3. 
Expansion of the spectrum to a scale of 1 Hz/cm. revealed 
that there were extra couplings in all multiplets. In 
fact, the six possible coupling constants for the four 
spin system were all resolved and approximate coupling 
co nstants could be measured directly from the spectrum. 
From the magnitudes of the 1H- 1H and 15 N- 1H coupling 
constants all the proton resonances could be unambiguously 
assigned and the spectral parameters are given in Table 
4.1. Spectra measured at an expansion of 1 Hz/cm are 
reproduced in Fig.4.4. The additional peak in the 
downfield (H-6) multiplet is due to benzene which was used 
as an internal standard for the measurement of the 13 c 
spectrum of this compound in o2o;oo-. The downfield 
multiplet ( o 8.57) was assigned to H-6 on the basis of 
1 a rge 2 9.80 Hz, and couplings of 2.80 Hz to H-4 
a J NH' 
and 0 . 69 Hz to H-3. The multiplet at o 8.02 was 
assigned to H-4 on the basis of a s ma 11 4 JN H (0.42 Hz) 
and a coupling of 8.95 Hz to H-3. The upfield multiplet 
at o 6 . 52 was assigned to H-3, 3JNH' 0.98 Hz. 
(iii) 2-(1H)-Pyridone- 15 N1-S-carboxylic acid (2) in 
0MSO-d 6 . 
The spectrum of this compound in OMSO-d 6 is well 
resolved and two 15 N- 1H coupling constants were measured 
from the spectrum, H(3) 2.4 Hz and H(6) 2.4 Hz. The 
spectrum is re produced in Fig.4.4a. 
a 
\ 
b 
I 
~ 
Fig. 4.5. The 1H-NMR spectra of a, the 
14 N-isotopomer 
and b, the 15 N-isotopomer of 2-(lH)-pyridone in CDC1 3 , 
(1 division= 10 Hz). 
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(iv) 2-(1H)-Pyr1done- 15 N1 (3) in coc1 3 . 
The spectrum of this compound was very similar to that 
of the 
14
N-isotopomer and the two spectra are compared in 
Fig.4 . 5, (5 Hz/cm) . t Resolution was generally poor and 
further expansion did not improve the situation . Except 
for the 
15
N coupl i ng to H-5, the 15 N- 1H coupling constants 
are too small for satisfactory estimates to be obtained 
from the experimental spectrum of this sample. Using the 
assignment and coupling constants recently reporte d for 
the 
14
N-isotopomer in CDC1 3 measured at 220 MHz and 
100 MHz: the H-5 multiplet was simulated with a 15 N- 1H 
coupling constant (Table 4 . 1) measured from the experim-
ental spectrum. The agreement found between the experim-
ental and computed multiplet was reasonable. The 
pronounced broadness in all of the ring proton peaks of 
both isotopomers could be attributed to a slow rate of 
inversion of the pyridone ring . This was confirmed by 
measuring a series of spectra for the 15 N-isotopomer at 
temperatures from -so 0 to +70° at 60 MHz. Considerable 
sharpening of all multiplets was observed at +70° but 
the improvement was not sufficient to enable a more 
thorough analysis to be performed. 
t The amide proton resonance of the 15 N-isotopomer 
occurred as a singlet at o 12.2 and is not 
* 
reproduced in Fig . 4 . 5. von Ostwalden and Roberts (1971) . 
SIGNS OF 
15
N- 1H COUPLING CONSTANTS AND DETERMINATION 
OF lSN RESONANCE FREQUENCIES , 
(i) Pyridine- 15 N1 (1) in ether . 
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The similarity of size of the 15 N- 1H coupling constan t 
to the a- proton in pyridine- 15 N1 to that of JAX in aromat ic 
type 
15
N-labelled pyrimidines suggests that the two 
coupling constants will have the same sign . Because of 
the predicted complexity of the 15 N-spectrum of pyridine 
no heteronuclear tickling experiments were carried out 
The 
15
N resonance frequency was determined to ± 1 Hz by 
partially decoupling the S- and y-protons from the 15 N 
nucleus . The fully decoupled spectra of these protons 
was identical but better resolved than the corresponding 
spectra of the 14N-isotopomer. The a-proton resonance 
was unable to be fully decoupled due to insufficient rf 
power from the heteronuclear decoupler . Homonuclear 
tickling experiments were performed, H-S,H- y{ H-a } , to 
obtain the relative signs of the 15 N- 1H coupling constants , 
All of the eighteen observed peaks were tickled and the 
S and y spectra recorded . Unfortunately, there are 
no single transition peaks in the a-proton spectrum and 
so at least two lines were tickled when each of the 
a- proton peaks was irrad iated . Interpretation of the 
tickling patterns was further complicated by the fact 
that the size of the splitting of connected transitions 
is proportional to the square root of the relative 
intensity of the tickled transition . In general, the 
a b 
Fig. 4.6. The y- and S-resonances of pyridine-
15 N1 
obtained under conditions of no tickling, a and b, under 
conditions of tickling the most upfield line in the a 
spectrum, a -18. The lines S-14,15,19 and 20 and 
y-15 are indicated with arrows . 
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intensities of the constituent tran sitions for each peak 
o the a mu lti pl et varied considerably . As an aid to 
interpretatio n of the tickling experiments, use was made 
of a non-iterati ve LAOCOON 3 program which ha d been 
modi r ied to print out energy l eve l numbers and spin sta tes 
for the pairs of energy levels involved with each 
tr ansition . Thus, the lines in the S and y spectra fro m 
eac h of the two 15 N sub-spectra were easily identified . 
In Fig. 4 . 6, the S and y multiplets obtained when the 
mo st upfie l d line of the a multipl et was tickled is given , 
together with the spectra obtained under similar conditio ns 
but without tickling . Th e line a - 18 t contains two 
transitions and the possible sign combinations for the 
15
N-
1
H coupling constants for the tickling of these two 
transitions are given: 
J 
aN JS N Jy N S-lines y-lines 
± 14, 15 , 19 , 20 13, 14, 
+ ± 
12 , 14 , 17, 18 13 , 14, + ± 
The spectra obtained under tickling conditions appear 
t E perimental lines are numbered from lowest field 
for each multiplet. 
15 
15 
t o 
exhibit some nuclear Overhauser effects but it is clear 
that in the B multiplet, lines 20, 19, 15 and 14 have 
been split . The terms regres sive and progressive are 
not used in this discussion because the two tr ansitions 
being tickled are themselves progressively connected. 
Th e y multiplet shows a clear splitting of y-15 and some 
modi fications to peaks 13 and 14. The very small value 
of the 
15
N-H-4 coupling constant precludes determination 
of its sign by tickling but the relative signs of the 
15
N-Ha and 15 N-HB coupling constants are the same, 
presumably negative . The splitting patterns obtained 
when other a lines were irradiated were consistent with 
the sign combination, J Na.JNB > 0. 
(ii) 2-(1H)-Pyridone- 15 N1-s-carboxylic acid (2) in 
D20/0D-. 
The spectrum of this compound in aqueous solution of 
high pH was particularly suited to 15 N decoupling and 
tickling experiments . Partial heteronuclear decoupling 
of the H-6 multiplet from 15 N was used to determine the 
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N resonance frequency and 15 N tickling gave the positions 
of all of the eight lines in the 15 N spectrum as well as 
uniquely determining the relative signs of all of the 
coupling constan ts . As in previous discussions of 
tickling experiments, the experimental lines in each 
multiplet will be numbered from lowest field. The symbols 
A, B, C will be used to refer to the protons H-6, H-4, and 
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H-3 respectively. In Table 4 . 2 the spin labels are given 
for each of the four multiplets for each of the eight 
possible combinations of the three coupling constants 
involved in each multiplet, cases (a) to (h). The line 
number is the experimental line number from lowest field 
e . g . for C transit i ons, the line numbers are Cl, C2, etc . 
across the table . To determine the spin states of the 
three other nuclei for a given Cline and for a particular 
combination of the three coupling constants involving the 
C nucleus, e . g . J NC > O, J Ac < O and J 8c > 0, the column 
J XY is scanned for the combination,+ - +, because these 
coupling constants are in the order J BC J AC J NC and are 
listed in this order under C transitions, i.e . BAN . 
To determine the spin state of any Cline for this sign 
combination the spin states are read from the row of the 
particular case (in this instance (c)) and the column of 
the required line, say C6 which would have the spin 
states B(a) ,A( a ) ,N( a ) . 
The spectra of the A and B protons obtained when each 
of the eight 15 N lines are tickled are given in Fig.4.7. 
From these tickling patterns and Table 4.2 it is possible 
to deduce the relative signs of all six coupling constants . 
To begin with, if the line NB is considered (i.e . the most 
upfield line of the 15 N spectrum . This transition, 
corresponding to line NB, can have any one of eight sets 
of spin labels according to the sign combination of the 
1 
4 
5 
6 
7 
8 
Fig. 4.7 . The eight 1H-NMR spectra of the H-4 and H-6 
resonances of (2) in D20/0D- obtained when each of the 
eight lines in the 15 N spectrum is tickled. The 
numbers refer to the line numbers of the 15 N lines. 
Table 4 . 2 Spin ldbels for the four multiplets of 
2-(1H)-Pyridone- 15 N1-s-ca r boxylic acid in 020/00 
Case Tra nsi t ion ( y) : N A B C 
Line: 1. 2. 3 . 4 " 5. 6 . 7. 8 . Nucl eus, X JXY ,"-
a . 8 8 8 8 a. a. a. a. A N C B + 8 8 a. a. 8 8 a. a. B C A A + 8 a. 8 a. 8 a. 8 a. C B N N + 
b. 8 8 8 8 a. a. a. a. A N C B + 
8 8 a. a. 8 8 a. a. B C A A + 
a. 8 a. 8 a. 8 a. 8 C B N N 
c. 8 s 8 8 a. a. a. a. A N C B + 
a. a. 8 8 a. a. 8 8 B C A A 
8 a. 8 a. 8 a. 8 a. C B N N + 
d . a. a. a. a. 8 8 8 8 A N C B 
8 8 a. a. 8 8 a. a. B C A A + 
8 a. 8 a. 8 a. 8 a. C B N N + 
e . 8 8 8 8 a. a. a. a. A N C B + 
a. a. 8 8 a. a. 8 8 B C A A 
a. 8 a. 8 a. 8 a. 8 -a- C B N N 
f . a. a. a. a. 8 8 8 8 A N C B 
8 8 a. a. 8 8 a. a. B C A A + 
8 8 8 
, 
8 C B N N a. a. a. a. 
g. a. a. a. a. 8 8 8 8 A N C B 
a. a. 8 8 a. a. s 6 B C A A 
8 a. 8 a. 8 a. 8 a. C B N N + 
h. a. a. a. a. 8 8 8 8 A N C B 
a. a. 8 8 a. a. 8 8 B C A A 
a. s a. 8 a. 8 a. 8 C B N N 
Each case refers to a particular combination of the si gns 
of three coupling constants, J xy · The nucleus Y is the 
nu c leu s under goin g a transit i on and the three nuclei X 
( i n col umn hea ded Nucleus,X) which couple to y are listed 
under e ac h y (N, A, B,or C) . The sign of each coupling 
constant i s rea d fr om the JX Y colu mn for a particular y . 
Thu s fo r case (a ) and Y=B, the signs of the three 
coupling constants a re : JBX + , JB A + , J BN' 
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three couplin g constants, J AN' J BN' J CN' cases (a) to (h ) . 
From the experimental spectrum obtained when NS is tickl ed 
it can be seen that A3 and Al are affected. For the f ir s 
choice, the sign combination - - + is chosen, i.e. 
J AN < 0, J BN < 0, and JC N > 0, case (g), it can be seen 
fr om Ta ble 4.2 that the spin states of the A, B, and C 
nuc lei are for NS, A( S),B( S),C(a). Now, to decide which 
lines in the A spectrum will be affected, the spin states 
of the Band C nuclei are considered . The spin states 
for the C and B nuclei of NS are C( a ),B( S). Table 4.2 
then indicates that for two cases of sign combination, 
(a) and (d) that lines 3 and 7 have C( a )B( S) spin states . 
For A transitions, the second row of a particular case 
corresponds to the spin states of the C nucleus and the 
third row corresponds to that of the B nucleus . 
is re j ected because the sign of J AN in this sign 
combination is not that initially chosen for the N 
Case (a ) 
transitions, case (g) . From the signs of the other A 
couplings of case (d), J AB > 0 and J AC > 0. 
When NS is tickled, perturbations in the B spectrum 
are observed for Bl and 82 (Fig . 4 . 7) . To predict whic h 
lines in the B spectrum will be affected, the spin states 
of the A and C nuclei of the N transition for case (g) 
(A( S),C( a )) are considered . In Table 4.2 there are two 
case s fo r which t he spin states of the A and C nuclei are 
A( S),C( a ) for B transitions, cases (d) and (f). Case (d ) 
is rejec ed because it requires J BN to be positive and 
this contradicts the origina1 cho ice. The sign 
combination : for the other two B coupling constants for 
case (f) is JAB > 0 and JBC < 0 
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This process can be repeated for the other seven case s 
and it is found that in four instances the observed 
tickling patterns cannot be made consistent (i . e . in which 
the tickling patterns of the two multiplets disagree on 
the sign of JAB ) . Four cases a re consistent and are 
summarised: 
Solution JAN J BN J CN J AB J AC JBC 
1. + + 
2. + + + 
3. + + + 
4 . + + + + 
Clearly, solutions 1 and 4, and 2 and 3 are mirror 
images, as would be expected, because a tickling experime nt 
can only determine the relative signs of coupling consta nts 
If it is assumed that the ortho 1H- 1H coupling constant, 
JB C' is positive, then a ch oice has to be made between 
the remaining solutions 1 and 3 . It is reasonable to 
choose 1 because the gyromagnetic ratio of 15 N is 
negative and there are no re port s of a negative 2xNH 
(i.e. JAN) value for compounds containing 15 N. 
For the other systems stu died, no tickling experiments 
were carried out. The 15 N frequency was determined by 
(i) 
{ii) 
C a b 
Fig. 4.8. The 13c spectrum of: (i) pyridine- 15 N1 in diethyl 
ether and (ii) pyridine- 15 N1 hydrochloride in DCl. Both 
spectra were obtained under conditions of proton noise 
decoupling. The C-2(6), C-3(5) and C-4 resonances are 
labelled a, band c respectively, (1 division= 1 p.p.m.). 
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partial heteronuclear decoupling of the 1H multiplet which 
s how ed the best resolved 15 N- 1H coupling constant. 
(1) Pyr1dine- 15 N1 (1) in diethyl ether. 
This work, carried out prior to the publicati on of 
details of the spectra of this compound by Lichter and 
Roberts, is briefly reported here . Th e 13 c spectrum of 
pyridine- 15 N1 with proton noise decoupling consists of 
three signals , a downfield singlet, a doublet at inter-
mediate field of approximately half the intensity of 
e ither of the other peaks and a doublet at high field. 
No internal standard was added to this solution because 
the 
13
c spectrum had been previously assigned (Pugmire 
and Grant, 1968) . In view of the unusually small size 
of the co upling between 15 N and the a -carbon atom, the 
assignme nt of this carbon atom to the downfield signal 
was checked by recording the 13 c spectrum of neat 
pyridine-
14
N with decoupling of only th e S- and y-protons . 
The expected doub l et was observed for the downfield 
resonance of the a -carbon atom . The 13 c spectrum 
(20 Hz/cm.) of pyridine- 15 N1 and of its hydrochloride 
are reproduced in Fig . 4.8 and the meas ured coupling 
constants are given in Tabl e 4.3 , together with data 
reported by Lichter and Roberts. 13 c- 1H Coupling constants 
were measured for pyridine and its hydrochloride in order 
Table 4 . 3 . 13c_15N coupling constants in 
15 N-labelled pyridines . 
Compound Solvent 1 2 3 (Hz) J CN J CN J CN 
( 1 ) Et her 0 . 5 2.4 4 . 2 
( 1 ) t Neat 0 . 45 2.4 3. 6 
( 1 ) t MeOH 0.70 2 . 6 3.8 
( 4) DCl 12. 3 1.5 4.9 
(4) t Me OH 12.0 2 . 1 5 . 3 
( 3) CDC1 3 12 . 5 <1.0(C-3) 5.5 
1.3(C-5) 
The solute concentrations are the same as given 
i n Table 4. 1. 
was 250 mg/ml . 
The concentration of (4) in DCl 
t Lichter and Roberts (1971) . 
a 
Fig. 4.9. The 13 c spectrum of 2-(1H)-pyridone- 15 N1 in CDC1 3 
obtained under conditions of proton noise decoupling. The 
field increases from left to right. The benzene peak is 
labelled a, and the downfield doublet is a folded peak, 
(1 division= 5 p.p.m.). 
to perforn, t1cklinq exneriments to determine the s i gns 
of t he 
13
c-
15 N couplinq constants by obs ervin g the 13c 
s a t e l lite sp e ctra of t he proto ns whil e t ickling t he 13c 
s pec tr a of t he labelled compounds . Howe ve r , di fficu lty 
was experienced in observing the s atellites an d the 
ex pe rime nt was abandoned . 
128 
(1i) 2-(1H )- Pyr i done- 15 N1-5 - carboxyl i c acid in o2o;oo 
The 
13
c spectrum of this solut ion, with proton noise 
decoupling, showe d eight pe aks ( 100 Hz/c m.), one of which 
could be assigned to be nz e ne and another very s mall peak 
which could be assigne d to cs 2 on the basis of the che mical 
shi ft dif ference (65 p . p . m. ) . Th e s pectru m required 
8000 scans to obtain a reasonab le si gna l to noise level. 
After e xpansion to 30 Hz/cm. , t he resolut i on was not good 
enough to determin e 15 N- 13 c coup ling constants for any but 
t he two most upfield peaks which sh ow ed splittings of 
about 3 Hz . Although the thr ee carb on a t oms with 
directly bound protons cou ld e asi ly be distinguished, 
as sign ment of sp e cific carbons to e ach resonance was not 
atte mpt e d becaus e of the poor quality of t he expanded 
s pectrum . 
(iii) 2-(1H)-Pyridone- 15 N1 (3) i n COC1 3 . 
The 13 c spectrum of this comp ound meas ured under 
con ditions of proton noise decoup l ing sh owed s i x peaks 
at -37.1, -13.7, -6.6 , +8.2, and +2 0 . 7 p . p . m. wi th respect 
to internal benzene .t These s hift s, tog e th e r with the 
_t ___ _ 
Fig 4 . 9 . 
coupling constant for each peak, were used to assign 
the spectrum . t: 
Carbon: 2 3 4 5 6 
Shift: 
-37 . 1 +20 . 7 +8 . 2 
-13 . 7 
-6.6 
J CN 12 . 5 >l 5 . 5 1. 3 12 . 5 
Of the few examples of 13c_15N coupling constants 
reported in the literature, those obtained by Binsch 
et al. (1964) for some acyclic amides compare well with 
the large 13 c- 15 N coupling constants found in this ring 
system . The carbonyl carbon- 15 N coupling constant in 
acetan i lide 15 N - 13 c is 13 ± 1. 5 Hz and the methyl 1 1 
carbon- 15 N coupling constant in labelled methyl 
isothiocyanate is 13 . 4 ± 0.2 Hz . 
In a series of measurements of 13 c shifts of 
2-substituted pyridines, Retcofsky and Friedel (1968), 
r eport shifts of -35 . 9, -19 . 4, -12 . 9, +6 . 8, and +18.4 
p. p. m. for the 13 c nuclei shifts of 2-methoxypyridine 
(neat l iquid) for the carbon atoms 2, 6, 4, 5, and 3 
respectively (calculated from data with respect to cs
2 
b ~ ~ 64 8 ) At f1' rst ,· t seemed y, ucs2 = ubenzene + ' p. p. m. · 
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unusual that the unassigned shifts of the methoxypyrimidine 
and the pyridone ~re so similar, when the structures of 
t The author is not aware of any published data for 
the 13 c shifts of 2-pyridone. 
Table 4.4 . 15 N Chemical s hifts of 15 N-labelled 
pyridines and related compounds . 
Compound Solven t Con c . oN Reference 
( 1 ) Et 2o 700 mg/ml. 298 .9 a 
( 1 ) Neat 290.7 b 
( 1 ) Me OH 30 % v/v. 273.1 b 
( 4) Me OH 30% v/v . 177 . 4 b 
( 2 ) D20/0D-(3M) 250 mg/ml. 223.3 a 
( 2) DMSO-d 6 200 mg/ml. 149.5 a 
( 3) CDC1 3 400 mg/ml. 151. 6 a 
( 2 2 ) C6D12 0 .5 M 297.8 C 
( 2 2 ) CDC1 3 0 . 5 M 287.5 C 
( 2 2 ) co 3oo 0.5 M 275.3 C 
( 2 3) 291. 5 d 
+ In p . p.m. from NH 4 . a .T his work; b. Lichter and 
Roberts (1971); c . Paolillo and Becker (1970); 
d . Lichter and Roberts (1971a), measured in natural 
abundance . The value in the Table is that of the 
pyridine nitrogen atom. 
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both species were thought to be very different, (one an 
aromatic pyridine, the other a lactam). However, in the 
following dis cussion the dominance of the zwitterionic 
forms in the contributions to the resonance hybrid of 
2-pyridone is demonstrated and the expected 1 aromatic 1 
nature of the 13 c shifts of 2-pyridone are readily 
explained on this basis as too are the 13 c- 15 N coupling 
constants discussed below. Further information on the 
assignment could be obtained by recording the 13c spectrum 
under conditions of partial proton decoupling of the 
3 and 5 protons and of the 4 and 6 protons . 
DISCUSSION 
The 15 N chemical shifts of the compounds discussed 
in this section are given in Table 4 . 4 together with the 
chemical shifts for some pyridines and related compounds 
taken from the literature . The chemical shifts wit~ 
respect to external H15 No were converted to the 15 NH + 3 4 
scale by assuming a 347 . 5 p . p . m. difference between 
signals from the two reference compounds. t The 
t Calculated from the values given by Lambert et al . (1964) 
and the resonance frequency of neat liquid methylamine 
( 3) , from Paolillo and Becker (1970) . 
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interesting feature of these values is the characteristic 
chemical shift of each particular type of heterocycle. 
The effect of solvent on this shift is sm all but consistent 
with interaction between the solvent and the nitrogen lone 
pair. 14N Data, although providing a rough idea of the 
chemical shift of these heterocycles, is in most instances 
not sensitive enough to detect the small changes caused by 
a change of solvent. 
The effect of solvent on the chemical shifts of 
pyridine and quinoline is seen to cause upfield shifts as 
the ability of the solvent to interact with the nitrogen 
lone pair increases. The exact nature of this effect is 
open to speculation but it is thought that ring protons 
which are shielded by the field associated with the 
electrical dipole of the nitrogen lone pair are also 
affected by an induced reaction field whose direction is 
parallel to the dipole axis but opposite in polarity and 
depends on the polarizability of the molecule (Jone s and 
Ladd, 1970) . It is reasonable that the polarization of 
solvent molecules by the lone pair dipole must modify 
the lone pair itself, an effect which in the extreme of 
quaternization removes the lone pair dipole completely. 
Modification of the dipole causes changes in the electron 
density at nitrogen and in the electronic distribution 
within the molecule and this is mirrored in the 
variation in coupling constants, observed on change of 
solvent . As the modification of the lon e pair increases 
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with change of solvent from ether to pyridine, methanol 
2 3 and TFA, JNH decreases from -11 to -2. 2 Hz while J NH 
increases from -1.4 to -4.3 Hz. Similar effects are 
observed for quinoline- 15 N1 (Kintzinger and Lehn, 1968). 
For the calculation of the solvent effects on the 1H 
resonance shifts, Jones and Ladd derived a proportionality 
constant for the reaction field which involved the 
permittivity of the solvent. The values calculated for 
the thr ee solvents, ether, pyridine and methanol are in 
the correct ord e r for increasing modification of the lone 
pair, but are definitely not linear. The inaccuracy of 
the 14N chemical shifts is illustrated well by the 
reported shifts for pyridine neat and in ether which are 
in the reverse orde r to that found by 15 N spectroscopy, 
although the difference is less than the quoted accuracy 
of the figures. 
The 15 N spectral parameters when applied to the 
structures of the pyridones (2) and (3) are particularly 
useful. The 15 N chemical shift of the 2-pyridone-5-
carboxylic acid in o2o;oo is very di fferent from that 
of 2-pyri done and this sugg ests th at the acid anion 
structure (5) is not an important contributor to the 
mixture of species in solution. Four other structures 
of the many possible are considered in view of the 15 N 
spectral parameters of the molecule. The ta uto meric 
struct ure (6) may be ruled out on the basis of the 15 N 
-o 
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chemical shift and the 2J NH coupling constant . Structure 
(6) would be expected to have pyridinium like parameters 
i . e . oN of about 175 p . p . m. and 2JNH of about -4.0 Hz 
instead of the observed 223 p . p. m. and -9.80 Hz. Structure 
(7) is eliminated because there was no methin e signal 
obse r ved in the 1H-NMR spectrum of this compound. The 
r emaining structures (8) and (9) can be distinguished in 
terms of the pKa values of 2-pyridone (11.62) and 
pyridine-3-carboxylic acid (4.81; Albert, 1968). At 
pH 13-14 it is likely that the major species will be 
dianion (9) although small amounts of the mono-anion (5) 
will undoubtedly be present . NMR data for (9) can be 
usefully compared with those of the 2-oxopyrimidine 
anion (10) and that of 2-methoxypyridine (11). The 
relevant data is summarised: 
2- py r idone-5-carboxylic acid: 
2-oxopyrimidine anion: 
2-methoxypyridine: (ether) 
oN p.p.m. 
223.3 
226.9 
236.5 
2 JNH (Hz) 
-9.80 
-9 . 78 
_ (14N)t 
The three and four bond 15 N- 1H coupling constants are 
not reliable values to compare because of the substituents 
in the pyridine ring . It is therefore reasonable to 
conclude from the comparison that the major species in 
solution has structure (9) . 
t 
Unless otherwise stated 14 N chemical shifts are taken 
from the compilation of Herbison-Evans and Richards (1955) . 
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Change o solvent to DMSO-d 6 for the carboxylic acid, 
causes the 15 N chemical shift to be very similar to that 
of 2-pyridone in CDC1 3. There has been some discussion 
on the effect of the carboxyl group on the tautomeric 
equilibrium between the 2-oxo and the 2-hydroxy forms 
(2) and (lla) (Baumler et al., 1951; Rateb and Soliman, 
1951), but Paul and Ramirez, in an ultraviolet investig-
ation of compounds which closely resemble the 
5-carboxylic acid (2), reported the similarity of the 
ultraviolet spectrum of the pyridone to the N-substituted 
pyridone in ethanol . From the 15 N spectral parameters 
of both the carboxylic acid (2) and pyridone itself, it 
is clear that the contribution of the lactim tautomers 
(lla) and (12) to the structure of these compounds is small. 
The chemical shift for an aromatic pyridine of the lactim 
type would be expected to be about 235 p.p.m ( 14N of 
2-methoxypyridine) and have 2JNH ~alues of the order of 
-10 Hz. 
There has been, however, some discussion concerning 
the contribution of the charge separated forms (13), 
(14) to the resonance structure. Ultraviolet techniques 
are unable to dete rmine the contribution because the 
models used to establish the pyridone structure (Specker 
and Gawrosch, 1942) may themselves have a considerable 
contribution from the charge separated or zwitterionic 
resonance forms. Apart from the indirect evidence of 
the very stable hydrogen-bonded dimers which pyridone 
Me CO-NHf 
(16) 
e 
o, EBH O~ _ H 
/C=N '"'- ... ~ _,.... ,._.,C N"' 
(17) (18) 
M!Z_ EB /OH 
/N=C, 
Me H (19) 
Me 
' C=O / 
HNffi 
e 
(20) 
~ 
N 
~ Me 
~-N/ 
Me H 
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(21) 
(22) 
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I 
~ 
N 
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forms (Hammes and Spivey, 196 6), t here is little to suggest 
that th e contribution of t he charge separated forms are 
significant. El vi dge and Jackman (1961), from a study 
of 
1
H che mical shifts of substituted pyrid one s, were able 
to est imat e by three different approaches the percentage 
aromatic character in 2-pyridone and found it to be 
about 35 %. 
To determin e the contribution of the charged species 
to the pyridone s tructure, suitable models of each extreme 
must be chos en, i . e. a ' pure' ami de and a 'pure' 
zwitterion . The chemical shift of the 14 N ato m of 
2-quinolone (15) and acetani l i de (16) have been reported 
by Hampson and Mathias (1 967), as being +113 and +110 
+ p. p. m. (NH 4 scale), (Lam bert et al . , 1964, report +111 
p.p.m . for the 15 N isotop omer of acetanilide) . However, 
the amide structure probably has contrib utions from the 
resonance forms (17) and (18) to the mesomeric structure . 
Hindered rotation in amides is thought to be caused by 
the contribution of the reson ance for m (17) to the syste m. 
The shift of the form (17) if it could be considered 
sepa r ately, wou l d be e xp ected to be downfield, i . e. with 
larger chemical shifts, from the shift of the form (18) 
because downfield shifts are usually observed when the 
nitrogen atom has a greater de gree of TI -bonding . 
Furthermore, protonation of amides has been shown to occur 
on oxygen (Fraenkel an d Franconi, 1960) and the greater 
i nternal barriers to rotation foun d for protonated 
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dimethylformamid e compared with the neutral molecule 
indicate that there is an appreciable contribution of the 
r esonance structu e (19) in acid solution, and protonation 
o amides causes an observed downfield shif t of the 14 N 
frequency (Hampson and Mathi as, 1966). Acetanilide has 
an extra means of nitrogen double bond formation which 
would also cause a downfield shift for the nitrogen 
resonance and is depicted as the resonance form (20). 
The effect of this contribution can be gauged by comparison 
of the shift of acetanilide with that of N-methyl 
acetamide (21), 85 p.p.m. However, the contribution of 
the analogous forms of (20) in 2-quinolone would be 
expected to be similar. Hence this chemical shift 
represents the amide structure with amidic resonance taken 
into account. If anything, the shift is an overestimate 
of the delocalization of charge for 2-pyridone, because 
the benzene ring present in quinolone and acetanilide is 
not available in the less conjugated pyridone. 
Althou gh no model of a 'pure' zwitterion could be 
obtained, the negatively charged oxygen atom can be 
treated as a simple substituent, because of the similarity 
of the 15 N chemical shifts and coupling constants for the 
2-mercaptopyrimidine anion and 2-methylthiopyrimidine as 
well as the similarity in chemical shift of the 
2-oxopyrimidine anion (227 p.p.m.) with 2-methoxypyridine 
( 14 N, 237 p . p.m. ), and the structure of the zwitterion 
approximates that of a substituted protonated pyridine. 
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The 
15
N chemical shift o pyridinium hydrochloride in 
methanol is +177 p . p.m. Clearly, the chemical shifts of 
2-pyridone and of its 5-carboxylic acid in DMS0 (152 and 
150 p . p . m. respectively) are closer to that of pyridinium 
ion than that of the amidic shift of 2-quinolone and this 
indicates considerable contribution of the charge 
separated forms (13) and (14) to the resonance structure 
of 2-pyridone . A more realistic estimate of the 
zwitterion 1 s chemical shift ought to be obtainable from 
the N shift of protonated 2-pyridone. Herbison-Evans 
and Richards report a value of 160 p.p.m. This chemical 
shift definitely rules out protonation on nitrogen, which 
would give a shift similar to 2-quinolone. Hence, it is 
likely that the zwitterionic contribution to the structure 
of 2-pyridone in fact dominates contributions from other 
resonance forms . 
The coupling constants observed for 2-pyridone and 
its 5-carboxylic acid in DMS0 also are consistent with 
a major contribution of charged separated forms to the 
overall structure of the molecules. The two and three 
bond couplings for pyridinium ion, 2-pyridone and its 
5-carboxylic acid can be compared: 
Compound 
Pyridinium ion 
2-Pyridone 
2-Pyridone-5-carboxylic acid 
3 
J NH 
-3.98 
-3.5 
-2.40 
2JNH (Hz) 
-1.56 
-2.40 
These values can be compared with those from pyridine 
hydrochloride, 3JNH = -3.98 Hz, and acetamide, 
3 
JN H = 1. 3 Hz (Lichter and Roberts, 1971, 1970). As 
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expected, the NH coupling through the carbo ny l of an 
amide is not large whereas in pyridine hydrochloride, 
the three bond coupling is very similar to that observed 
for the 2-pyridone. The increased value of 2JNH and 
decreased value of 3JNH for 2-pyridone-5-carboxylic acid 
compar ed with pyridinium ion may be due to the carboxyl 
substituent at C-5 and/or a slightly reduced contribution 
of zwitterionic forms to the resonance hybrid . The 
slightly lower chemical shift suggests that the latter 
is reasonable and the coupling constants are probably 
affected by both factors. 
The 13c chemical shifts and 13 c coupling constants 
observed for 2-pyridone in the light of the previous_ . 
discussion are found to be quite consistent with a 
dominant contribution of zwitterionic forms to the overall 
structure . Thus, the 'unusually' similar 13 c chemical 
shifts of 2-methoxypyridine and 2-pyridone a re explained 
and furthermore the 13C_ 15N coupling constants compare 
well with those of pyridine hydrochloride: 
2 
JCN 3 J CN 4 JC N (Hz) 
Pyridinium ion: 12 . 0 2. 1 5.3 
2-Pyridone: 12. 5 < 1 ' 1. 3 5.5 
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15 It is apparent that the N spectral parameters of 
pyridines and particularly potentially tautomeric pyridines 
are most sensitive not only to the tautomeric equilibrium 
but also to the nature of the contributing res onance forms 
of the hybrid, and 15 N spectroscopy can yield information 
as yet unobtainable by other techniques . 
SYNTHETIC CONSIDERATIONS . 
Although there are a variety of syntheses for pyridine 
in the literature, from ammonia or hydroxylamine, few 
reported good yields and fewer, products not contaminated 
with small amounts of substituted pyridines. Attempts 
were made to synthesize pyridine from ammonia and the 
sodium salt of hydroxybutadienealdehyde (Baumgarten, 
1924) but these gave low yields of pyridine. The method 
chosen was that described in a British patent (1955) which 
involved the oxidative condensation of ammonia with 
glutaric dialdehyde . This reaction had the advantages 
that no by-products were formed (if the anion of the 
ammonium salt was not a halogen), the addition of ammonia 
is stoichiometric and easy (as the salt) and the isolation 
of pyridine was accomplished by distillation. The oxidant 
suggested in the patent was ferric sulphate but, to try 
and improve the yield of pyridine, a variety of oxidants 
++ 
and solvents were used (Cu , Mno 2 , quinhydrone, no 
oxidant, Fe+++/Fe++, DMSO). However, the best yields 
were still obtained using ferric sulphate. A number of 
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trial syntheses were then carried out varying the reaction 
conditions and optimising the apparatus for the most 
efficient synthesis. The method described in the 
experimental should be adaptable to any reasonable scale 
and is a considerably cheaper source of pyridine- 15 N
1 
than commercial sources . 
Unlike the syntheses of most labelled heterocycles 
described in this thesis, the synthesis of 2-pyridone via 
its 5-carboxylic acid was straightforward and is 
adequately described in the literature. The synthesis, 
although designed for large scale operation, was readily 
adaptable to the scale required here. No attempt was 
made to synthesize the N-methyl derivative . 
C. EXPERIMENTAL 
Experimental details from NMR and physical constants 
are the same as those described in Part Three. 
Pyridine- 15 N1 (1) (Adapted from British Patent 
726,378 (1955)). 
In a three-necked flask ( 15 NH 4 )2so 4 (1.0 gm), 
Fe 2(so 4)/(6 . 7 g) was dissolved in water (10 ml) .. 
The flask was equipped with a dropping funnel, ether 
condenser and gas inlet tube . Dry N2 was slowly 
bubbled through the mixture and the solution brought 
to reflux. Glutardialdehyde (25% w/v, 6 . 2 ml) in 
dilute H2so 4 (3 .1 ml, 3%) was added dropwise over 
t Hydrated . 
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sixty minutes to the refluxing mixture. The condenser 
was connected to three wash bottles in series containing 
10 % HCl . The solution was refluxed for a further half 
hour and allowed to cool overnight. The soluti on was 
strongly basified and air was slowly bubbled through 
the solution which was warmed and the air stream maintained 
for 24 hours . The solution was distilled into a dilute 
solution of HCl and more water added to the distillation 
flask and the process repeated till a volume of 1500 mls 
of dist illate had been collected . The solution of the 
hyd rochl ori de was evaporated to dryness on a rotary 
evaporator (18 mm/80°). Anhydrous ammonia was distilled 
onto the solid and allowed to evaporate while anhydrous 
ether (20 ml) was added . The precipitated NH 4Cl was 
filtered off and washed well with ether . Ether was 
distilled off from the combined filtrate and washings 
(6 11 column, glas s helices) and the pyridine remaining, 
400 mg (33 %) was sufficiently pure for NMR purposes. 
Dry hydrogen chloride was passed into the distillate and 
the pyridine hydrochloride collected, 80 mg (4.5 %). 
Tota l yield 38%. 
2-(1H)-Pyridone- 15 N1-5-carboxylic acid (2). (Adapted 
from Stetton and Schoenheimer, 1944). 
Coumalic acid (von Pechmann, 1891) was esterified 
(methanol/sulphuric acid) and distilled at reduced pressure 
to give the methyl ester. Methyl coumalate (1.2 95 g) was 
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suspended in water and kept at ice temperature. 
Ammonia- 15 N1 from ammonium chloride (1 g) and sodium 
hydroxide (40 %, 5 ml) was slowly swept with dry N
2 
through the suspension and then through two ammonia traps 
(dil . HCl) for two hours. The ice-bath was removed and 
the reaction vessel allowed to warm to room temperature 
for an hour. Then the solution was cooled in ice and 
made alkaline with sodium hydroxide (5 m 1 , 40 %) . The 
basic solution was refluxed for five minutes and nitrogen 
passed through the solution into the traps for 24 hours 
with occasional warming of the reaction vessel. The 
solution was then cooled and acidified to Congo red with 
concentrated HCl. The tan precipitate was filtered off, 
washed with cold water and dried over silica gel. The 
filt r ate and washings were combined, HCl added (3 ml) 
and the solution allowed to stand at o0 overnight to 
give more solid . The products were combined, 817 mg, 
(64 %), m. p. 302° (dec . )( 14N isotopomer, 303°, RMth and 
Schiffman, 1931), m/e 140, ammonium chloride (495 mg} 
was recovered from the traps. 
2-(1H)-Pyridone- 15 N1 (3). 
The acid (2), dried and powdered (650 mg) was heated 
to 320° in a small distillation flask in an oil bath. 
The crude distillate was taken up in chloroform and 
recrystallized to give 250 mg (61 %) of product, m.p. 
106-7°, ( 14N-isotopomer, 106-7°, von Pechmann and Baltzer, 
189 1) . 
PART FIVE 
A THEORETICAL APPROACH TO 15 N COUPLING CONSTANTS 
AND CHEMICAL SHIFTS 
A, INTRODUCTION 
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The empirical correlation of 15 N spectral parameters 
with structural features in 15 N-labelled heterocycles is 
the most practical appl i cation of 15 N coupling constants 
and chemical shifts . However, in view of the success of 
many recent theoretical studies of the coupling constants 
and chemical shifts of protons and heteroatoms, a 
theoretical investigation of the 15 N spectral parameters 
obtained during this work was undertaken. In this section, 
the trends observed in the 15 N coupling constants and 
chemical shifts of labelled pyrimidines and pyridines are 
explai ned in terms of the electronic structure of the 
part ic ular mol ecule . The theory allows certain predictions 
to be made and provides some in sight into the mechanisms of 
indirect nuclear sp in -spin coupling involving nitrogen . 
Th e e xperimental data provides a good test of the theories 
currently in use for the calculation of spectral parameters . 
B. 15 N COUPLING CONSTANTS 
INTRODUCTION 
The basis for most calculations of the indirect 
nuclear spin spin coupling constant is the formulation by 
Ramsey (1953a) of three types of interaction which are 
possible be tween the magnetic moment due to the nuclear 
sp i n and the electrons of a randomly tumbling molecule. 
The t hree co nt r "butions may be termed the orbital, spin-
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dipo lar and contact components . The first ar ises from an 
inte action between the magnetic field due to the orbital 
motion of the electrons and the nuclear magnetic dipole, 
the second from an interaction of the magnetic dipole of 
the nucleus and that of the spinning electron and the 
third term arises from a Fermi contact interaction between 
the nuclear and electron spins . 
In 1956, McConnell, using wavefunctions obtained by 
the linear combination of atomic orbitals (LCAO) from 
molecular orbital (MO) theory, greatly simplified Ramsey 1 s 
equations with a closure approximation, which involved a 
11
mean excit ation energy 11 approximation and thereby 
avoided the use of terms calculated from excited state 
energies and wave functions . Pople and Santry (1964) 
im prove d this method and were able to calculate all three 
contributions to the coupling constant by applying second-
order pe rturba t i on theory to the electronic wave function 
of t he molecule be ing studied . However, there are 
theoretical objections to the use of conventional 
perturbat i on theory with self-consistent-field wavefunctions, 
(Blizzard and Santry, 1971) and more recently a number of 
reports of self-consistent perturbation theory applied to 
the calculation of nuclear spin coupling constants have 
been published (Pople et al.~ 1968; Blizzard and Santry, 
1971) . Both of these approaches use a degree of 
p2 r amet ri za ti on to optimize the calculated coupling 
cons t an t s . For the contact term the densities of the 
va l ence a- orb i ta l s at the var i ous nuclei we r e treated as 
va r i abl es and fo r the ot her two terms the expectation 
va l ues of P - 3 f or the 2p orbital on the heteroatoms, 
< P . -
3
> we r e var i ed . 
~ 
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The sophisticated computer programs used in the latest 
types of calculation were not available . However, there 
had been one report (Yonezawa, 1969) of a calculation of 
two bond 15 N- 1H coupling constants using the Pople Santry 
forma l is m wi th an e xtended HUckel theory approach 
(Hoffmann , 1963) and it was therefore decided to apply 
this method to the molecules used in this study. An 
extended HU ckel theory computer program (Fahey et al., 
1966) was obtained from Professor Fahey and applied to the 
calculation of coupling constants for the 15 N-labelled 
pyr i midines and pyridines . Unfortunately, the method of 
calculation, which i ncluded additional integrals in the 
e xpression fo the contact contribution, was slow for 
the mo l ecules which were investigated (about 5-8 minutes 
per coupl i ng constant calculation plus 15 minutes for 
the bas i c theoretical calculation on the molecule). Thus, 
the INDO/CNDO computer program (QCPE 141) t was modified 
t Obtained fro m the Quantum Chemistry Program Exchange, 
pr ogr am num ber 141 ( CNINDO), written by Dobosh. 
to calculate t he three coupling constant· contributions 
using the simple Pople Santry approximations. 
METHOD OF CALCULATION 
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The derivation of the final expressions for the three 
terms will not be repeated here (Pople and San try, 1964). 
Using the one-electron MO approximation and retaining only 
one-centre integrals involving valence s-or bitals on the 
two atoms A and B be tw een which coupling occurs, the 
contact contribution to the coupling constant becomes, 
1T JJ , \) 
occ 
= 4 E 
i 
unocc )-l 
E ( E. - E: . a.a.a.a. 
1., J t.].1 t.V J]J J V j ( 2) 
and is known as the 1 mutual polarizability 1 (C oulson and 
Longuet-Higgins, 1947), S is the Bohr magneton, a . is 
t. ]J 
the coeff i cient of the valence s -orbital on centre µ in 
MO i , (s A/o (r:_A) ls A) is the density of this orbital at the 
nucleus, h is Plan ck 1 s constant and y. is the gyromagnetic 
1., 
rat i o of nucleus i. The values used for th e magnitudes 
of the valence s -atomic orbitals at the nuclei were taken 
from Pople and Santry . The method of calculation of the 
other two terms is that used by Towl and Schaumberg (1971). 
The CNDO and INDO methods of calculatio n were not altered 
and are those given by Pople et al. (1965, 196 6, 1967). 
PYRIMIDINES 
The r esults of calculations of the 15 N- 1H coupling 
cons tan ts of a n um be r of p yr i mi d i n es a re · s 1J mma r i z e d i n 
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Table 5 . 1. The experimental coupling cons ta nts used for 
the l-methyl-2-oxo compounds (9) and (10) are those of the 
corresponding mercapto compound . Experience gained in 
this work suggests that these values will be · close enough 
for meaningful comparisons to be made. The agreement 
between observed and calculated coupling constants is not 
good but the trends, particularly on protonation, are 
reproduced . This is reasonable evidence that the dramatic 
changes in 
2
J NH and 3J NH on quaternization · of nitrogen are 
prima rily due to changes in the Fermi contact contribution 
to the coupling constant . If it is assumed that the 
method of calculation has not been the cause of too great 
an error in the estimation of the Fermi contribution to 
each coupling constant, then it is reasonable to suggest 
that coupling via the TI- electrons plays an important role 
in the coupling mechanism between the 15 N atom and the 
ring protons, (contributions from the other two mechanisms 
for spin-spin coupling are zero if one of the coupled 
nuclei is hydrogen) . Although there is much dispute 
concerning the size of the coupling which is transmitted 
via the TI-el ectrons for 1H- 1H coupling constants in 
unsaturated molecules {van der Hart, 1971), a rough 
estimate of the coupling via the TI-electrons can be made 
by considering the TI -bond order between the nitrogen atom 
~ N 
~ II 0 
N~S 
( 1) (2) (3) 
~N ~ NH ~,.. - -- NH 
)-0 e 
~N~O 
~~~ 
... 0 
N H 
(4) (5) (6) 
~ NH ,, 'NH )o I ~)s (,$ ) ' s 
N N H I 
Me 
( 7) (8) (9) 
,, 
'NH 
( 10) :,ffi ) 
'N 0 
\ 
Me 
Table 5 . 1. Calculated and observed 15N_1H coupling 
constants for some 15 N-labelled pyrimidines. 
Molecule 2 2 3 4 J NH(2) J NH(4) J NH J NH ( in Hz) . 
( 1 ) 
-12 . 56 
-10 . 89 
-0.62 
-0.71 INDO 
( 2) 
-5 . 02 
-4 . 75 
-2.47 
-0 . 47 CNDO 
- 7. 10 
-6 . 55 
-2.60 
-0.55 INDO 
( 3 ) 
-6.37 
-0.52 
-1. 14 CNDO 
-10 . 0 
-1. 04 0.40 Expt 
( 4) 
-6 . 34 
-0.43 
-0.53 CNDO 
-9 . 80 -1. 60 0 . 60 Expt 
( 5) 
-4 . 951 -2.21 
-0 . 46 INDO 
-3 . 64 - 2 . 14 
-0.34 CNDO 
-6 . 94 
-2.50 0.38 Expt 
( 6 ) 
-0 . 93 -3 . 90 
-0.05 INDO 
-1 . 35 
-4 . 75 -0.004 CNDO 
-3 . 25 
-3.70 0 . 75 Expt 
( 7) 
-1. 03 -3 . 82 
-0 . 32 CNDO 
-2 . 89 -3.89 0.83 Expt 
( 8) 
-3 . 74 -2.50 
-0.70 CNDO 
- 7. 13 -2 . 30 0.68 Expt 
Table 5 . 1 continued (page 2) 
( 9) 
-5 . 93 
-9.40 
-12 . 1 
(10) 
-1. 9 7 
-3 .81 
-0.62 
-0 . 52 
-1. 10 
-4.41 
-3 . 60 
-0.77 
-0.65 
0.52 
-0 . 04 
0.51 
CNDO 
INDO 
Expt 
INDO 
Expt 
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and the carbon to which the particu1ar proton is · attached. 
McConnell (1957) derived an expression for the contribution 
to the coupling constant via the TI- electrons which 
contained the TI -bond order squared. However, Abraham 
et a l. (1968) found for 19 F cou pling· constants in 
fluorobenzenes that a more appropriate term is the TI -bond 
order itself. The value of this quantity for the three 
protons of pyrimidine and pyrimidine hydrochloride are 
in the order 15:-1:-8 for H(4), H(5) and H(6) · respectively, 
(H(4) is a to the 15 N atom). Although addition of 
TI -coupling constants in these ratios would not cause a 
quantitative agreement between the observed and total 
calculated coupling constants (J + J) the values are in 
(J TI 
the right order. A combination of these two mechanisms 
could be the explanation of the positive sign of 4J NH' 
Unfortunately, the correlation is far from simple because, 
as McConnell points out, the anisotropic part of the 
hyperfine interaction will need to be included in the 
evaluation of coupling constants for nuclei other than 
hydrogen. A theoretical estimation of this quantity has 
not been attempted and very few experimental values have 
been reported for heteroatoms of interest. In Table 5.1 
the value for the 15 N coupling constant to H-2 in an 
aromatic pyrimidine has been included. This coupling 
constant was not determined experimentally and it is 
interesting that the two nitrogen atoms a to the carbon 
atom to which it is attached appear to increase the Fermi 
contact contribution to this coupling · -constant· compared 
with the coupling constant, 2JNH( 4). 
PYRID NES 
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The same electron density parameters at the nucleus 
were used to calculate the 15 N coupling constants for the 
pyridines . The results of the calculations for 15 N- 1H 
coupling constants are given in Table 5.2. The agreement 
between observed and calculated coupling constants is 
better than for the pyrimidines . However, the negative 
sign of 
4
J NH (calculated) is contrary to that assumed by 
Lichte r and Roberts (1971) for pyridine- 15 N1 hydrochloride. 
Excel l ent agreement was found for the observed and 
calculated coupling constants of the 2- pyri done-5 -
carboxylic acid dianion (13). The calculated coupling 
constants of 2-pyridone- 15 N1 indicate that the INDO method 
has given electronic parameters for a partly delocalized 
conjugated amide . The TI-bond orders between adjacent 
ca r bon atoms indicate that there is a degree of 
delocalization . A better model for this compound would 
have been a 2-substituted pyridinium ion. The charge on 
the nitrogen atom is negative in the INDO calculation and 
not partially positive as the zwitterionic structure would 
demand . In fact, the only observed coupling constant for 
this molecule ( 3JNH) is very similar to that calculated 
for the three bond coupling constant of pyridinium ion. 
In general the trends observed in the 15 N- 1H coupling 
~N 
(11) 
~"- e 
N 0 
(13) 
G)~ 
N 
H 
( 12) 
0 
- -
Table 5. 2 Ca lc ul ated and observ ed 15N-1H coupling 
constants for 15 N-labelled pyridines . 
Molecule 1 J NH 
( 11) 
-11. 42 
-8. 12 
-10 96 
( 12) 
-2 . 39 
- 1. 58 
-2 . 20 
( 13) 
-10 . 70 
-9 . 80 
( 14) 
-5 . 11 
-4 . 36 
<0 . 5 
2 
J NH 
-0 . 93 
-1. 16 
-1 . 40 
-5 . 30 
-4 . 48 
-4 . 30 
-0 .83 
-0.98 
+0 . 03 
+0. 06 
-H(5) 
-4 . 49 
-3 . 86 
±3 . 50 
t Lichter and Roberts (1 971) . 
3 
J NH 
-0 . 69 
-0 . 64 
±0 .18 
-0.002 
-0 . 03 
±0.30 
-0.45 
-0 . 42 
- H ( 6) 
-1. 13 
-0 . 67 
(in Hz) 
INDO 
CNDO 
Expt 
IN DO 
CNDO 
Expt t 
INDO 
Expt 
INDO 
CNDO 
Expt 
constants for the pyridines are reproduced more closely 
than those of the pyrimidines . Calculations were also 
performed for the 1H- 1H coupling constants. If a value 
150 
of 0 . 55 is used for the ls valence orbital of hydrogen at 
the nucleus (Pople and Santry, 1964), coupling constants 
obtained are larger than those observed . The lower value 
of 0.372 (Pople e t al . , 1968) obtained by optimization of 
a large number of calculated coupling constants gave 
results which were too low. However, it is clear that 
some correction of the observed values for contributions 
to the coupling constant via the TT- electrons is necessary 
before a comparison can be made with the calculated Fermi 
contribution . The mos t overestimated coupling constant 
was between H(2) and H(6) in pyridine and pyridinium ion. 
The smaller of th e coupling constants calculated as 
described above was still 10 times too large. 
The possib i lity of contri but ions of 15 N- 1H coupling 
via the TT -electrons needs to be considered. Although no 
meaningful quantities can be estimated for this 
cont r ibution, application of the same considerations as 
for the py rimidin es gave a rati o of 15:-1:-8 for the 
TT -bond order be twe en the nitrogen atom and the three 
appropriate carbon atoms, (C(2), C(3), C(4) respectively), 
in pyridine and its hydrochloride. This order lends 
support to the sign of 4J NH being positive in these 
molecules. The correspon ding rat io fo r 2-pyridone is 
1:-2:-2:5 for the 3,4,5 and 6 positions respectively. 
The three values for the dianion (13) are 1:-3:+7, for 
C(3), C(4) and C(6), which ~uggests that the good 
agreement found between calculated and observed coupling 
constants in this molecule may be fortuitous. The lack 
of sufficient data, particularly for the anisotropic 
hyperfine interaction caused by spin density in the 2pTI 
orbital of nitrogen makes these correlations · difficult. 
151 
Calculations were also carried out on these molecules 
for the 
13
c-
15
N coupling constants. The results are 
compared with the experimentally observed values in 
Table 5 . 3 . -3 The values chosen for <r > were 1.692 and 
2 . 97 a.u . respectively for carbon and nitrogen. These 
values are likely to underestimate those expected in 
molecular environments. Blizzard and Santry optimized 
the calculated contributions to coupling constants between 
carbon and fluorine and found a much larger value of 
2. 8793 a . u . for <r - 3>c· If a similar increase occurred 
for nitrogen, the values of the orbital and spin-dipolar 
contributions to the 15 N- 13 c coupling constants calculated 
would be increased by a factor of 2.9. The magnitudes of 
these two contributions in Table 5.3 have been increased 
by this factor . From the calculated values for the one 
bond coupling constant it appears that the major reason 
for the increase in this coupling, on protonation of 
pyridine, is caused by a large increase in the contact 
-3 contribution. However, the assumption that <r >N 
remains constant for pyridine and pyridinium ion neglects 
Table 5. 3 . Calculated and obse rv ed 15 N_l3C coupling 
constants in pyridines . 
Mo l e cule 1 2 3 ( i n Hz) J CN J CN J CN 
( 11) Contact 
-7 . 51 
-0 . 30 
-2 . 00 INDO 
Or bital +4 . 95 
-0 . 13 
-0.01 
Spin Dip . +0 . 33 +O.01 +O. 15 
Total 
-3.2 3 
-0.42 
-1.86 
±0.45 (-)2 . 40 (-)3.60 Expt 
Contact 
-1 1. 74 
-0 . 30 
-1. 71 CNDO 
Orbital ±4.95 
-0 . 13 0.00 
Spin Dip . +0.32 +0 . 01 +0.01 
Total 
- 6 . 47 
-0 . 42 
-1 . 70 
( 12) Contact 
-14 . 05 
-0 . 19 
-2 . 93 INDO 
Orbital +4 . 18 
-0 . 02 
-0 .2 0 
Spin Dip . +0 .2 8 0 . 00 +O . 15 
To ta 1 
-9 . 59 
-0 . 21 
-2 . 98 
( -)12 . 0 (-)2 . 1 (-)5 . 3 Expt 
Contact 
-17 . 01 ±0 . 13 
-2 . 90 CN DO 
Orbital +4 . 18 
-0 . 02 
-0.20 
Spin Dip . +0.28 +0.01 +0 . 15 
To ta l 
-12 . 55 +0 . 12 
-2 . 95 
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the expected expansion of the 2p orbital on nitrogen when 
that atom bears a positive cnarge. However, the calculated 
change in this quantity is small (Grinter · and Mason, 1970). 
It is likely that the n- electrons again p1ay an important 
part in transmitting nuclear spin between atoms. 
The theoretical estimates of these coupling constants 
and the 
1
~N-
1
H coupling constants, although not very 
precise, at least predict the major differences in co4pling 
constants observed for various species of pyridines and 
pyrimidines included in this study. The· agreement obtained 
using this simplified method of calculation suggests that 
better results may be obtained using the more recent 
perturbation techniques to estimate the contact, spin-
dipolar and orbital contributions to 15 N coupling constants. 
C. 15 N CHEMICAL SHIFTS 
INTRODUCTION 
The magnetic shielding experienced by a nucleus is the 
algebraic sum of a paramagnetic term op and a diamagnetic 
term ad. The Lamb term (ad) for the spherically symmetric 
electron distribution is positive (shielding) and large. 
Variations in ad between similar compounds may be 
relatively small and are usually neglected. The 
paramagnetic term arises from mixing by the magnetic field 
of the ground state with excited states which involve 
rotation of charge . For the heterocycles studied here 
this is likely to be then n*excitation from nitrogen 
to which the longest-wavelength band in the optical 
spectrum can usually be attributed. 
Karplus and Pople (1963) formulated a p in terms of 
quantities which could be calculated from MO theory of 
the particular molecule, 
= -3 <r > 
2p ~AA + 
<r -
3
> 2P is the inverse cube of the expectation value of 
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( 3) 
the 2p-electron radius, QAA and QAB are constitutive terms, 
involving appropriate elements of the charge-density bond-
order matrix for the ground state molecule summed over all 
occupied MOs and for all attached atoms B, 6E is a mean 
excitation energy for all excited states. Use of this 
simplification is only justified if one excited state is 
abnormally close to the ground state compared with the 
others so that the deshielding from this state effectively 
dominates the total shielding. In this section the 15 N 
chemical shifts will be discussed in terms of the 
contributions to the shielding of the nitrogen atom in 
the pyridines and pyrimidines studied here. 
DISCUSSION 
Although the variation of ad from compound to compound 
is usually neglected, recent calculations for a wide 
variety of nitrogen molecules have revealed that ad for 
the N nucleus varied over a 160 p.p.m. range (Grinter and 
154 
Mason, 1970). The calculation of ad was made particularly 
simple by Flygare and Goodisman (1968) who were able to 
show that the average diamagnetic shielding of a nucleus 
in a mo l ecule was the sum of two terms. One term was 
due t o the free a t om and is a constant, the other was 
propo r t io na l t o the sum of terms z / r , where z is the 
a a a 
atom i c number of the a th nucleus at a distance r from the 
nucleus being considered . Hence, values of ad can be 
ca l culated from the molecular structure and the known 
f r ee-atom va l ues of ad (Average), (Bonham and Strand, 
1964) . The accuracy of this approximation was checked 
by comparing the figures of ad calculated by this method 
and calculated by more rigorous methods and the 
agreement was excellent for a wide range of molecules 
and atoms . To obtain reasonable values for ad for a 
number of nitrogen compounds Grinter and Mason used a 
l ocal ad and only summed over the atoms directly bonded 
to the ni trogen atom . For the pyrimidines and pyridines 
studied here, the value of ad can be shown to be constant 
for all compounds when the accuracy with which bond 
distances are known is considered. Thus, the value of 
ad fo r nitrogen in pyridine and pyrimidine was calculated 
to be 410 . 5 p . p. m. (for the bare nucleus value of 325 . 6 
p. p. m.) which is almost identical to the value reported 
by Grinter and Mason. 
The dominant term in the shielding of the nitrogen 
atom i s the paramagnetic contribution . No attempt was 
I 
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made to estimate this term quantitatively because many 
previous attempts, with and without the average energy 
approximation, for very different · nitrogen · containing 
molecules failed to reproduce the observed · chemical shifts 
(Gil and Murrell, 1964; Velenik and Lynden~Bell, 1970; 
Hendrikson and Kuznesof, 1969; and Tokuhtro and Fraenkel, 
1969) . The variable in the expression for op Eqn (3) 
which is critical for the correct calculation of this 
-3 term is ~E. Changes in QAA and < p >
2
P with the 
electron density on nitrogen are not large. QAB terms 
were calculated for different pyrimidines and pyridines 
and their variation in magnitude is not of the same 
order as the observed differences in 15 N chemical shifts. 
The upfield shift observed on protonation of both 
the pyridines and pyrimidines can be ascribed to a 
* raising of the n N+n excitation energy, which causes the 
~E term in the denominator of Eqn. (3) to increase and 
thereby decrease the value of op . Estimation of the 
value of ~E from electronic spectral data is hazardous 
because the n N+TI * transition is often weak and difficult 
to assign with certainty. Having assigned such a 
transition, in many molecules it is not clear which atom 
is involved in the transition of one of the pair of 
non-bonding electrons. Attempted correlations of 
chemical shifts (corrected for ad) with suspected 
n N+n* and n N+a* transitions of the nitrogen lone pair 
have not been altogether successful although the 
expected trends are observed, (Herbison-Evans and 
Ri chards, 1964). 
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The similarity in the chemical shif ts of the aromatic 
py rim idines and pyridines can thus be unde rst ood in terms 
of the small substituent effects on the · electronic 
transitions of the pyridine or pyrimidine ring. The 
lower fie l d chemical shift of the N-methyl-2-mercapto-
pyrimidine (15) compared with the aromatic 2-substituted 
pyrimidines may be rationalized by the observed difference 
in the lon gest wavelength absorption band of N-methyl-2-
mercaptopyrimidine and 2-methylthiopyrimidine (344 nm 
and 285 nm respectively, Albert and Barlin, 1962) . 
That the observed upfield shifts observed for the 
pyrim i dines when a ring carbon atom is substituted with 
a methyl group is not due to change in ad may be 
concluded from the observed changes in the wavelength of 
the lowest energy electronic transition of these 
molecules . Thus, 2-mercaptopyrimidine (neutral molecule 
and the cation) undergo hypsochromic shifts of the 
longest wavelength absorption band of 54 and 40 nm 
respectively when an Me group is substituted in the 
4 position (Marshall and Walker, 1951). However, the 
observed downfield shifts observed for N~methyl-2-
mercaptopyrimidine hydrochloride when Me groups are 
consecutively substituted in the 4 and 6 positions do 
not parallel the observed changes in the electronic spectra 
of these molecules and it is apparent that this type of 
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correlation should not be used indiscriminately. This 
i s due , i n p a r t , to the e r r ors i n us i n g a n 11 average 
energy approximation" to calculate chemical shift 
contributions of the paramagnetic term (Mclachlan, 1960). 
Although semi-quantitative calculations are not very 
relia ble in predicting 15 N chemical shifts, the trends 
observed in these two heterocyclic ring systems and 
particularly the pronounced upfield shift on protonation 
can be rationalized in terms of changes in the mean 
electronic excitation energy ~E of the molecule. 
C. EXPERIMENTAL 
All coupling constant calculations were performed 
using the SCFM0 program CNIND0 (QCPE 141) modified to 
calculate atom-atom a-orbital polarizabilities and the 
spin-di polar and orbital contributions to · coupling 
constants between heteroatoms. The computations were 
performed on an IBM 360/50 digital computer . Input to 
the program consisted of atom co-ordinates (~). 
gyromagnetic ratios for the coupled nuclei, densities of 
the valence a- orbitals for each nucleus, and the inverse 
cube of the expectation value of the 2p-electron radius 
for carbon and nitrogen. The atomic co-ordinates were 
calculated from bond angles and bond distances given in 
the Chemical Society tables (Special Publications 11 and 
18) . Gyromagnetic ratios were taken from Pople, Schneider 
and Bernstein (1959) and the choice of values for the other 
two paramete rs is described in the discussion. 
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PART SIX 
MISCELLANEOUS SYNTHESES 
During the course of this work the syntheses of other 
N-heterocycles were investigat ed with a view to 15 N 
labelling . Both the ease of synthesis from a suitable 
labell ed precursor and the possibility of obtaining 
interest ing 15 N spectral parameters from the labelled 
compound were important considerations in the choice of an 
N- he te ro cy c 1 e . Much of the work was directed towards the 
synthesis of 15 N-labelled precursors from which a number 
of heterocycles could be simply obtained . These labelled 
precurso rs were either unavailable or costly . However, 
two syntheses which were investigated, that of 
isoquinoline (1) and imidazole (2), required the available 
15
N starting materials, ammonium chloride and potassium 
thiocyanate. 
Isoquinoline can be synthesized from homophthalimide 
( 3 ) . v i a 1 , 3 - d i ch 1 o r o i s o q u i n o 1 i n e ( 4 ). Th e i m i de ( 3 ) i s 
usually prepared by the reaction of homophthalic acid 
with excess concentrated aqueous ammonia (Harriman, et al . • 
1945) . Attempts to obtain the imide (3) by reaction of 
stoichiometric (2:1) quantities of ammonia with 
homophthalic acid in sealed tubes at temperatures of 
100 to 140° failed to give good yields of the product. 
The use of excess ammonia (up to 4:1) did not improve the 
yield of imide and the synthesis was not investigated 
further . 
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The synthes1s of 2-(lH)-imi dazolethione (5) from amino 
ace tal an d potassium thiocyanate (Marckwal d, 1892) was a 
step of f ai r (40-50%) yield and desulphurization of the 
thione was attempted using Raney Nickel (Hofmann, 1953). 
The reaction was carried out man y times, e ach time under 
different conditions, but the yield of the parent 
heterocycle (2) was always extremely low. The replacement 
of sulphur by hydrogen using oxidizing reagents was not 
attempt ed . 
The precursors to ring systems whose syntheses were 
inv est ig ated were hydrazine, o-phenylenediamine and 
hydroxyl amine . The first two compounds are the starting 
materials for the synthesis of many heterocyclic compounds 
but particularly the 1,2- and 1,4-diaza si x membered ring 
systems These heterocycles would be e xpecte d to have 
interesting 15 N- 1H coupling constants because the obser ved 
14N chemical shifts of pyrazine (6) and pyridazine (7) 
occur at lower f i eld, (313 and 385 p . p . m. respectively) 
than t hat of py ridin e (297 p. p.m . ) and pyrimidine (276 
p . p . m. ) (Herbison-Evans and Richards, 1964). 
Hydroxylamine, apart from being the precursor of many 
heterocycles including isoxazoles and aziridines, is used 
in the syn t hes is of pyra zin e from diacetylamine (Wolff 
and Mar bu rg, 1908) and although 1H NMR studies of 
15 N-labelled i so xazole and 2-(a-naphthyl)az iridine have 
bee n made the data reported is by no mea ns complete . 
+ 2 CH 3CONH 2 -- CH 2(NHCOMe) 2 
( 8) 
CH 2 (NNH 2COMe) 2 
(10) 
+ 
[H] 
+ 
[NO] 
CH 2 (NNOCOMe) 2 
( 9 ) 
Fig. 6.1. Reimlinger's synthesis of hydrazine. 
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There have been a number of reports of the synthesis 
of 15 N-labelled hydrazine (Spindel, 1962) . Small scale 
Raschig syntheses (1907) gave low yields of dilabelled 
hydrazine from 15 N-labelled ammonia . This synthesis 
requires a large excess of ammonia to limit the complete 
oxidation of ammonia to N2 . Synthesis of mono-labelled 
hydraz i ne using this method was not specific enough to 
ensure that the hydrazine formed would have sufficient 
isotopic purity for NMR purposes (Rice and Sherber, 1955) . 
However, in 1970, Reimlinger published a synthesis of 
hydrazine which appeared to be particularly suited to 
specifict isotopic labelling, Fig . 6 . 1 . 
In this synthesis one nitrogen atom of hydrazine is 
provided by the acetamide and the other by the nitroso 
group, and hence, there are two stages in this preparation 
of hydrazine at which the 15 N label could be inserted . 
Attempts to quantitatively nitrosate the diamide (8) with 
nitrogen oxides or with nitrosyl chloride (both prepared 
from sodium nitr ite) did not give good yields of the 
bis -N-nitroso compound (9) . For this reason, the 
t 
Mono-
15 N-labelled hydrazine must be used in the synthesis 
of 1,2-diaza heterocycles because only in the mono-
labelled compound will all the 15 N- 1H coupling constants 
be obtainable from the 1H spectrum of the labelled 
heterocycle . 
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synthesis of hydraz1ne- 15 N1 was inv es tigated on the basis 
o using 15~-l abelled acetamide as the labelled starting 
mate ial. Good yiel ds which were reproducibl e were 
obtained for t he synthesis of acetami de from ammonia and 
acetyl chloride and 60-70% yields of th e diamide (8) we r e 
obtained by reacting stoichiometric quantiti es of 
ace t amide, and formaldehyde (aq ueous ) with a trace of 
hydrochloric acid in a sealed tube at 140° (paraformaldehyde 
and dimethoxymethane gave poorer yields of the diamide) . 
The nitrosation r ea ction ( Re imlin ger, 1959) was carried 
out in goo d yield for the small scale reaction by extending 
the time for which the nitrogen oxides are passed through 
the solution of t he diamide . It was the final step, 
reduction of the bis-nitroso compound to the hydrazine 
de rivative (1 0), whi ch proved difficult . Numerous 
attempts to reduce the nitroso compound suspended in 50 % 
acetic acid with zinc dust.gave only trace amounts of 
hydrazine on work up . In a se ri es of experiments, 
reaction time, temperature, concentration of acetic acid 
and th e amount of zinc added we r e varied separately in 
order to im prov e the yie l d of hydrazine . Other reducing 
agents we r e tri ed but were unsuccessful (catalytic 
hy drogenati on with 5 and 10% palladized charcoal; LiBH 4 ; 
phenylhydrazine) . Th e nitrogenous product from the wo r k 
up of each reaction was almost pure ammonia . 
The de sc i ption of th e redu cti on step in the 
lite ature (Reimlinger, 1970) was not detailed and th e 
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author was asked for more information concerning the 
reaction condition of this step . Unfortunately , he no 
longer had access to the experimental note books and could 
only recall that the reaction was particularly delicate 
and required care to prevent complete reduction to the 
amine . Nevertheless, this synthetic approach to hydrazine-
15 N1 is promising and warrants further investigation. 
A preliminary investigation of the synthesis of 
o-phenylenediamine from ammonia and o-chloronitrobenzene 
was made . Distillation of dry ammonia into an alcoholic 
solution or aqueous suspension of o-chloronitrobenzene 
and heating in a sealed tube at 120° for some hours gave 
a mixture of o-nitroaniline and starting mater i al . The 
proportion of aniline formed was not high (about 15 %) . 
This reacti on was not inve stigated further . 
The synthesis of hydroxylamine hydrochloride from 
sodium nitrite (Semon, 1941), was carried out on a small 
scale and gave yields of 50-60 %. Preliminary investig-
ations of the syntheses of isoxazole (11) and 
3,5-dimethylisoxazole (12) indicated that the methods 
described by Justoni and Pessina (1955) give good yields 
on a small scale . Lack of time prevented further 
investigation of the synth esis of heterocycles which could 
be prepared from hydroxylamine as well as further invest-
igati on of the synthesis of o-phenylenediamine. Never-
theless, the synthesis of 15 N-labelle d hydroxylamine and 
of heterocycles derived from this precursor appears to 
possible, starting from 15 N-labelled sodium nitrite. 
Although the experiments described in this section 
illustrate the diff ic ulties often encountered in the 
synthesis of 15 N-labelled heterocycles they also 
demo nstrate that a wide range of labelled N-heterocycles 
may be synthesized from simple inorganic nitrogen 
compounds . 
APPENDIX 
COMPUTER PROGRAMS 
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The computations described in this work were carried 
out on two different computing systems according to the 
ty pe and size of each computer program . An IBM 360 
mode l 50 computer with 256K bytes of magnetic core store 
was used for the lar ge programs written in FORTRAN and 
smal ler programs written in FOCAL were processed on an 
8K PDP8/I computer . A brief description of computer 
programs follows . 
A. FORTRAN Programs . 
(i) LAOC OON 3 . The iterative version of LAOCOON 3 
was used without modification. A smaller non-iterative 
pr og ram, FREQUINT 3, was modified to print out energy 
levels before and after mixing and basis wave functions 
and mixe d wave functions for each of the energy levels. 
Also the two e nergy level numb ers and unmixed wave 
funct ions associated with each transition were given . 
(ii) HMOCUP . This program carries out extended 
HU ck el cal cul ations on first and second row atoms. Fro m 
the wave functions and one electron energies, spin 
coupling constants are calculated for the first and 
second ro w atoms . The extended Huckel program is a 
mo dification of the pr og r am written by Hoffmann (1963) . 
Coupl ing constants ar e calculated following the method 
of Pop le and Santry (1964) . A listing of the program 
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written in Fortran 63 is available on re quest from 
Professor Fahey together with a brief description of the 
program and input and output for a test molecule . 
(iii) CNINDO . This program carries out CNDO or INDO 
SCFMO calculations on open or closed shell molecules. The 
CNDO option comput es wave functions fo r th e molecules 
con t a inin g atoms H to Cl and the INDO option for molecules 
containing H to F, As dimensioned, the program will 
accommodate 80 basis functions . One atomic orbital basis 
function i s allowed for Hydrogen (ls), four each for the 
elements to Na and nine from Mg to Cl . The program was 
written by Dobosh and is available from the Quantum 
Chemistry Program Exchange (Progran number 141) . 
(iv) CUPL . This program is similar to the program 
CNINDO but has the subroutines used for open shell 
molecules r emoved . After the program has calculated the 
final wave functions and energy levels for the molecule, 
a subroutine which calculates the contact, spin-dipolar 
and orbital contributions is used to obtain any coupling 
constants in t he molec ule which are specified in the input . 
An option in th i s subroutine allows the contribution fro m 
each orbital to an atom-atom polarizability to be printed . 
The coupling constant calculation is based on the method 
of Pople and Santry (1964) . The total computation time 
for a six-membere d ring with one substituent is of the 
orde r of six to e i ght minutes . 
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B. FOCAL Prog r ams 
The PDP8/I computer could be operated in two different 
modes . In one of these a single user has available 8K 
12 bit words of core and the corresponding FOCAL system 
has SK ava ilabl e for programs and in the other the FOCAL 
system permits seven users to time-share the computer, 
each user having about lK of core for programs . The 
latter mod e was most often used because of the general 
demand f or computing time and large programs could only 
be accommodated with the aid of the segmenting facility 
of the seven-user system. Programs and data may be 
stored in a d isk li brary containing twenty nine blocks 
(one block per prog r am) and data may be transferred between 
programs (five values per transfer). A Hewlett Packard 
4200 A graphic plotter was connected to one of the 
teletypes as an output device and used to simulate spect ra. 
(i) ABMX. This program consisted of five blocks 
and calculated the lin e freq uencies and intensities of 
the forty transitions of an ABMX spin system using the 
equati ons given in Table 3.4 . This program contained 
an option which allowed calculations to be carried out 
for either of the two sets of bounds for e in the 
trigonometric forms of co-factors in the mixed wave 
functions of t his spin system (see Part Three). 
(1i) ABMXE . This program calculated the unmixed 
and mixed wave functions and energies of the ABMX spin 
system . The option described for ABMX was also 
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incorporated in this program. Calculations were based 
on the equa ti ons gi ven in Table 3 . 3 . 
(iii) ABX , This pr ogram (2 blocks) calculated line 
intensiti es and frequencies for ABX spin systems 
according to the expressions of Table 3 .2 and contained 
the option described in the previous programs . 
(iv) ABXE . This prog r am (1 block) calculated mixed 
and unmixed wave functions and energies of the ABX spi n 
system and cont a in ed the same option as the other programs . 
(v) PLABMX . A program which plots the Lorentzian 
envelope of the AB portion of an ABMX spectru m from line 
intensities and frequencies calculated in the same manner 
as for the program ABMX . Input consists of A and B 
spectral parameters, appropriate scaling factors and a 
half height wi dth . Three blocks are required . 
(vi) PLNMR . This program (2 blocks) for plotting 
spectral envelopes r equi res as input the line frequencies, 
intensities and half height widths obtained for a 
calculated NMR spectrum . It can take up to 90 such lines 
and i s eas il y extended . The second block is used for 
storage of l in es after the first twenty and a variable 
filter is used to delete lines from the active block and 
add lines from the storage block as the Lorentzian 
summation pr og r esses . 
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Abstract-5-Deutero-1-methylpyrazole was synthesised and used to assign multiplets in the PMR 
spectrum of 1-methylpyrazole. 
THE PROTON magnetic resonance spectrum of 1-methylpyrazole (1) has been reported 
many times, but authors disagree on the assignment of signals to H-3 and H-5. 
Elguero and his co-workers,1 using homo- and hetero-nuclear decoupling provided 
evidence that, in CDC13 and CC14 solutions, H-5 absorbs at higher field than H-3. 
Identification of signals using model compounds as criteria has led to the alternative 
assignment,2•3 and in one case the two chemjcal shifts are described as equal.4 
Although there can be little doubt that the first assignment1 is correct, we thought 
it advisable to verify these results using a specifically deuterated derivative. 
(1) R3 = H, R5 = H 
(2) R 3 = H, R5 = COOD 
(3) R 3 = COOH, R 5 = H 
(4) R 3 = H , Rs = COOH 
(S) R 3 = H, R s = D 
(6) R 3 = H, Rs = COOMe 
(7) R 3 = COOMe, R s = H 
Incorporation of deuterium into positions 3 or 5 of (1) was troublesome, but 
decarboxylation of the 5-deutero-carboxylic acid (2) led to 50 to 60 % labelling at 
position 5, with apparently no scrambling. The 3- and 5-carboxylic acids, (3) and 
(4) , were prepared by oxidation5 of a mixture of 1,3- and I ,5-ilimethylpyrazoles6 
and were separated by distillation of the methyl esters . . The partial deuteration of 
C-5 reduces the signal of this proton making possible unambiguous identification of 
the multiplets from H-3 and H-5 (Fig. 1). Our results for a number of solvents are 
listed in Table 1 and where applicable confirm the work of Elguero et a/.1. 
In the neutral molecule, the absorption due to H-3, on the carbon atom adjacent 
to N-2 , is always more broadened and contains less fine structure than that of H-5 , 
an observation which reailily distinguishes the two signals. The spectrum of the 
cation , measured in trifluoroacetic acid, is sharpened, probably due to reduced 
nitrogen quadrupole coupling caused by removal of the nitrogen lone pair dipole 
on protonation. The multiplet ob erved for the ring protons of the deuterated cation 
(Fig. I) can be explained in terms of the superimposed spectra of an approximately 
equimolar mixture of the deuterated and non-deuterated pecies. 
Our resu lts emphasize the hazards of using model compounds to assign multiplets 
to specific protons in molecules where the respective chemical shifts are small. In this 
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(a ) (b) 
A A A 
~ B A B 
7·2 6 ·2 8·0 7·0 
s~ pm] 8 [Ppm] 
FIG. 1. The PMR spectrum in (a) CDCl3 and (b) TFA of 
A. 1-methylpyrazole (1). B. 50/50 mixture of (1) and its 5-deutero derivative (5). 
TABLE I . (a) CHEMICAL SHIFTS (0) OF THE RING PROTONS OF 1-METHYLPYRAZOLE. VALUES OBTAINED 
FROM MULTIPLE RESONANCE EX PERIM ENTS1 IN PARENTHESES. 
Solvent H-3 H-4 H-5 
CCI, 7·28 (7·30) 6·10 (6· 10) 7·22 (7·22) 
CDCl3 7-48 (7-49) 6·23 (6·22) 7·33 (7·35) 
TFA 8·08 (8· 11) 6·83 (6·83) 8·02 (8·05) 
DMSO 7-41 (7-4 1) 6·20 (6·21) 7-65 (7-66) 
Benzene 7·52 6·04 6·74 
Pyrid ine 7·66 6·27 7-47 
(b) PMR DATA FOR I OF 1-METHYLPYRAZOLE 
Compound Solvent 0-3 0-4 0-5 6-COOMe J 
(3) DMSO 6·73 7-84 2·5 
(4) DMSO 7·52 6·85 4·12 2·0 
(6) CCI, 7·38 6·76 4·19 3·87 2·5 
(7) CCI, 6·68 7·46 3·99 3·87 2·5 
case even methyl substituents2•3 ·4 can perturb the magnetic environment enough to 
invert the assignment. 
EX P ERIMENTAL 
1-Merhylpyrazo/e (1) was prepared by the method of Jones.' 
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Errata 
The proton magnetic resonance spectrum of 1-methylpyrazole 433 
dimethylpyrazoles,6 prepared by the method of Burness• gave a mixture of 1-methylpyrazole 3- and 
5-carboxylic acids (3), (4). Esterification of the mixed acid (2·2 g) was achieved by refluxing for 
four hours in methanol (10 ml) and concentrated sulphuric acid (I g). The mixed esters (2·0 g) 
were separated by distillation : 5-methoxycarbonyl (6), b.p . 150 to 5°/7·5 mm; 3-methoxycarbonyl 
(7), b.p. 260 to 3°/7·0 mm. Hydrolysis of the esters (l: 1 hydrochloric acid under reflux for four 
hours) gave the pure acids. 1-Methyl-5-carboxypyrazole (4) , m.p. 223 to 4° (lit., 222°)8. Found 
C, 47·27 ; H, 4·91; N, 22·44 %. 1-Methyl-3-carboxypyrazole (3), m.p. 151 to 2°. Found C, 47·36 ; 
H , 4·82; N, 22·30 %. Calculated from c.H.N20 2 , C, 47·58; H , 4·76; N, 22·20 %. The 1-methyl-5-
carboxypyrazole was deuterated by exchange with deuterium oxide (4 times) and then decarboxylated 
in the presence of copper bronze at 130° to give a mixture (60 to 75 % yield) of 1-methylpyrazole and 
its 5-deutero derivative. 
The proton magnetic resonance spectra of 4 % w/v solutions were recorded in the field sweep mode, 
on a Perkin-Elmer RIO spectrometer. TMS was used as an internal reference, and chemical shifts 
( ± 0·02 ppm) were measured using the side-band technique. 
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Formula 53: 
Errata 
should be a 1,3-oxazine, not a 1,2. 
yield, not yeild. 
4,4-dimethoxy, not 1,4-dimethoxy. 
spectrum of (24), not (26). 
should be a disulphide. 
2-(1H)-thione- 15 N 1 , not 2-(1H)- 15 N 1 , 
charge missing. 
Formulae 11 and 12: double bonds missing 
